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IN CCINJUNCTION WITH 


MARYLAND-DELAWARE WATER AND SEWERAGE 
ASSOCIATION (SEWAGE Works SECTION) 
AND 


FEDERAL SEWAGE RESEARCH ASSOCIATION 


STATLER HOTEL 
WASHINGTON, D. C. 


October 9-12; 1950 


FEDERATION OF SEWAGE Works ASHOCIATIONS 


323 Limos CHAMPAIGN, 


4 
| 
| 
if 
1 
| 
| 
i 
ae 
| 
i 
|i ae 
H 
af 
y 
— 
: 


SEWAGE AND INDUSTRIAL WASTES 


Sewage Treatment Plant 
Columbus, Ohio 


Tue overwhelming majority of Consulting and Design 
Engineers who planned equipment for Activated Sludge 
Sewage Treatment Plants in the past five years specified 
CHICAGO Swing Diffusers and Precision Diffuser 


@ Low first cost. 


@ Continuous performance 
without extra tanks. 


@ Economical operation—less power con- 
sumed—less labor. 


@ Tubes easily ond economically deaned. 


WRITE FOR FULL ENGINEERING DETAILS 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
2200 WOLFRAM STREET 


Kees, Scru Peller Plunger 
Morisontal and Vertical Non Clogs 
Worer Seal Pumping Sempiers 


Pav! A. Uhimann & Associotes ; 
ENGINEERS 


Tubes. It’s a question of “Diffused Air Beonomics”. I 
Continuous operation of an Aeration Battery is possible 
only with Swing Diffusers. The most economical opera- 
tion is possible with Precision Diffuser Tubes. 


CHICAGO 18, ILLINOIS 


Swing Diffusers Stetionery Dittusers 
Mechanical Aerators Combisetion 
Aerator Clarifiers Comminutors 
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SEWAGE AND INDUSTRIAL WASTES 


TAKE INVENTORY - 


chlorine gas in the dry, non-corrosive state — or 

do its vital parts, including the importont inlet 

valve, require expensive maintenance because they 
operote in a corrosive, wet chlorine atmosphere @ 


DOES YOUR EQUIPMENT work the some winter 
and summer — or do you need a hot water supply 
or temporary water heoters to overcome chlorine 


hydrote problems during cold-woter seasons e 


DOES YOUR EQUIPMENT cvtomatically prevent 
bothersome chlorine odors — or do you waste a lot 
of water to prevent tray-produced odors ‘ 


DOES YOUR EQUIPMENT hove on easy-to-seal 
chlorine flow-system — or do you have to check 
bothersome stuffing boxes and other leak-likely 
devices 


flow indicotor — or does it have on indicator that 
shows “head” . . . that indicates flow even when 
no chlorine is being fed 


DOES YOUR EQUIPMENT hove a positive chlorine V4 


The extra features of Builders Chlorinizers look 
mighty good when you compare chlorine gos 
feeders. Be sure to get these features on your new 
or replacement equipment by specifying BUILDERS. 
For Bulletins and engineering information, address 
Builders-Providence, Inc. (Division of Builders tron 
Foundry), 368 Harris Ave., Prov. 1, R. |. 


BUILDERS PRODUCTS 
The Venturi Meter * Propelofio and Orifice Meters * 
Kennison Nozzles * Venturi Filter Controllers and 
Gouges * Conveyoflo Meters * Type M and Flo-Watch 


Instruments eeler Filter Bottoms * Master Con- 
trollers * Chlorinizers ~ Chlorine Gas Feeders * Filter \ BUILDER 1950 
- Operating Tables * Manometers * Chronoflo Telemeters 


BUILDERS IRON FOUNDRY 


BUILDERS «PROVIDENCE 
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SEWAGE AND INDUSTRIAL 


WASTES 


HOW TO MEASURE 
TRADE WASTES 
ACCURATELY 


In accordance with anti-pollution laws recently enacted 
by numerous states, most industries now face the task 
of purifying their plant wastes before discharging them 
into adjacent streams and rivers. 

This purification process usually requires special plant 
construction, and invariably the necessity exists of ob- 
taining flow data, whether this be the simple indication 
of flow rate or a more permanent method of recording 
and totalizing the flow through the plant. With purifica- 
tion processes of this kind, measuring equipment usually 
is located at the point of discharge of partially filled pipe 
or in open channels, where low heads or pressures exist 
and where measurement is either difficult or impossible 
when using standard forms of measuring instruments. 


The Simplex type S Parabolic flume, either alone or in 
conjunction with a Simplex type HF water float operated 
meter, is the ready answer to this measuring problem. 
Compact in design, with no pockets or grooves to catch 
sediment or solids, and capable of operating under low 
flow conditions, the unit measures over long ranges, 
from maximum to 5% of maximum capacity. 

Available in standard pipe sizes of 6 inches to 36 inches 
diameter inclusive, the flume can be attached to even 
larger sizes by means of eccentric reducers. 


Write for Builetin 210, to the 
Simplex Valve & Meter Company, Dept. 6, 
6719 Upland Street, Philadelphia 42, Pa. 
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Difficult suburban sewer problem solved with 


CONCRETE PIPE 


Bhs Alewife Brook Conduit 
project in Medford, Arlington, 
Cambridge and Somerville, north- 
ern suburbs of Boston, posed an un- 
usual construction problem that was 


solved with concrete pipe. 


The installation of this difficult, 
trunk-line sewer required that pipe 
be placed in open cuts, in tunnels 
under streets, playgrounds and a 
railroad, along a brook generally 
well below the existing water table 


and finally under the Mystic River. 


The project required 8310 ft. of 
60-in. and 66-in. (ASTM Specifi- 


RICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LA/SALLE TREET, CH 


cation C76, Table I and Table II) 
reinforced concrete pipe using two 


rows of circular reinforcing steel. 


This is but another example of the 
adaptability of concrete pipe. Its 
structural strength and rugged dura- 
bility have been proved by many 
decades of heavy-duty service. 

Concrete pipe provides maximum 
hydraulic capacity. Its tight joints 
and uniformly dense structure in- 
sure minimum infiltration and leak- 
age. It is moderate in first cost, re- 
quires little upkeep, lasts longer. 
Result: low-annval-cost service. 


ICAGO 1, ILLINOIS 
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SEWAGE AND INDUSTRIAL WASTES 7 
Ideal for small communities, isolated institutions, 


outlying plants | YEOMANS 
SEWAGE TREATMENT 
PLANTS 
—Activated Sludge Process 


or Biological Trickling Filter 
THE “PACKAGE” AERIFIER 3 


Many small communities and outlying institutions, com- 
pelled to purify wastes but lacking an ample supply fof 
diluting water, have found in the Yeomans “Package” 
Aerifier an ideal answer to a critical problem. 


Compact, exceedingly efficient in purification, unique for low construction and operation costs, 
this activated sludge plant provides aeration and final sedimentation in a single concrete unit. 
Operation is as simple as possible, with supervision limited to routine check-up. Every installa- 
tion includes final adjustment, initial tested operation, thorough training of operators and con- 
tinuing counsel from Yeomans engineers. 


“WATER-WHEEL” DISTRIBUTOR => 


Operating in conjunction with a primary sedimentation 
tank, the Yeomans “Water-Wheel” Distributor applies 
settled sewage to a trickling filter—with unfailing de- 
pendability. Sewage flows into the rotating trough, and 
is spread evenly on the filter bed through V-notches and 
spreader plates. The trough is actuated by a water-wheel 
and bevel gearing. Filter beds range from 5-foot to 25- _) 
foot diameters; and the entire area is effective for treat- 
ment. Continuous positive distribution is assured at all . 
rates of flow—which does away with the need for dosing . 
chambers and siphons. There is none of the clogging and cleaning of spray nozzles often re- 
quired with reaction distributors; and elimination of accessories saves as much as the entire 
cost of the complete Water-Wheel installation. Maintenance is extremely simple. Numerous 
Water-Wheel plants——-small coramunities, hospitals, airports, industrial plants provide im- 
pressive proof of this unit’s extraordinary efficiency. 


Helpful engineering data on these Yeomans plants 
will be sent promptly upon request—no obligation. 


PUMPS POR BUILDINGS, MUMICIPALITIES, APPLICATIONS — 
ond « complete line of Sewage end Waste Treatment Equipment : 3 


Yeowans Brothers Company 
1411 N. Dayton St., Chicago 22, Mlinois 


Please send information as Name 
follows: 
Yeomans “Water-Wheel” Address 
Distributor 


{] Yeomans “Package” 
Aerifier City State 
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SEWAGE AND INDUSTRIAL WASTES 


For quality piping ... complete selection 


Select from the CRANE line 


NEW DISC-HINGE CONNECTION 
GREATLY REDUCES WEAR 


Note the improved spring loaded disc-hinge assembly 
on these Crane Iron Body Swing Check Valves. This 
patented semi-rigid connection eliminates lost motion, 
yet has the flexibility needed to assure true seating. 
Wear at the disc-hinge connection is practically elimi- 
nated 

Crane body design assures ample flow area. Disc 
always swings freely to give unrestricted flow; cannot 
stick in open position; closes securely when forward 
flow stops. Bolted cap construction, plus tapped and 
plugged body openings, provides easy access to all 
working parts. 

As with all Crane swing checks, these valves can be 
furnished with outside lever and adjustable weight when 
extreme sensitivity to flow reversal or to low inlet pres- 
sure is desired. Available with flanged, screwed, or hub 
ends. See your No. 49 Crane Catalog, p. 120-121. 


CRANE CQ., 836 S. Michigan Ave., Chicago 5, IIL 
Branches and Wholesalers Serving All Industrial Areas 


No. 373 brass trimmed check, 
sizes 2 to 8-in. Also available 
with leather disc or in all-iron. 
Sizes 10 to 24-in. have conven- 
tional disc-hinge connection. See 
your Crane Catalog for working 
pressures. 


¥ THIS SEWAGE STATION PUMP ROOM PIPING, FOR EXAMPLE, 
CAN BE COMPLETELY EQUIPPED BY CRANE 


EVERYTHING FOR EVERY PIPING SYSTEM 


CRANE 


VALVES © FITTINGS © PIPE * PLUMBING AND HEATING 
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SEWAGE AND INDUSTRIAL WASTES 


..»NOW REDESIGNED FOR STILL HIGHER EFFICIENCY 


If you're pumping solids ... not large enough to require regular non-clog slow 
speed sewage pumps... you'll find Economy volute mixed flow pumps the an- 
swer to your problem. Engineered for greater economy in operation, the 
Economy mixed flow volute line, tested and proved in twenty-two years of 
operation, has now been redesigned for still higher efficiency. 

Built to keep pumping longer at lower cost these pumps are equipped with the 
highest duty bearings available, including double row, angular contact thrust 
bearing. Large size pumps also have a self-aligning, spherical roller radial 
bearing. 

Capacities range from 3,600 to 50,000 G.P.M., heads from 10 to 50 ft. For 
complece details, write Dept. AC-6, 


Centrifugal, axial and mixed flow pumps for all applications. 


Economy Pumps In 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 


| 
. 9 
‘ 
VOLUTE MixeD FLOW Pumps 
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gates 


in new 
Philadelphia 
sewage treatment 
plant 


Philadelphia chose Everdurt for the 64 
slide gates in its new 135-million gallon Settling basins under construction at new 
capacity Northeast Sewage Treatment — 135-million gallon capacity N. E. Philadelphia 
Plant because of the remarkable record of Sewage Treatment Plant by Virginia Engi- 
these copper-silicon alloys for corrosion neering Co., Newport News, Va. 
resistance. The gates were fabricated by the 
Frederick Grundy Iron Works of Philade|- 
phia for the Virginia Engineering Com- 
pany, the general contractors. 

Let us tell you about Everdur—the 
durable ANACONDA Copper-Silicon Alloys 
available in practically every standard 
wrought shape and size, as well as in elec- 
trical conduit and casting ingots. Write to 
The American Brass Company, Waterbury 
20, Connecticut. In Canada: Anaconda 
American Brass Ltd., New Toronto, 


Ontario. 


influent and effivent channels to settling 
basins No. 2 and No. 3 showing 32 of the 
64 Everdur gates. 


Where 
corrosion resistance 
counts 


Everdur is easy toweld. Close-up of one of the ANACON pA 


Herean Everdurangleis gates fabricated entirely 

being weldedtoEverdur of Everdur metal by ili il * 
plate in fabricating the Frederick Grundy copper- si icon a oys 
one of the 64 gates. Iron Works tReg. U.S. Pat. Off. 
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Here’s a Better Biological 
Treatment Process 
for Sewage and Wastes 


The Aero-Accelator provides optimum con- 
ditions for maintaining maximum oxidation 
rates. These conditions are established by 
having incoming screened sewage and air 
immediately dispersed throughout a large 
mass of “activated slurry”. The air-lift action 
in the central tube causes the active slurry to 
continually circulate in the Aero-Accelator. 
Only waste slurry is permitted to settle in 
the concentrator where it is automatically 
discharged in a thickened condition. The 
mechanical mixer insures proper agitation 
at all aeration rates. This combined action 
continually assures that food and oxygen are 
readily available to ALL organisms. The 


Aero-Accelator in a single compact 
unit and in a considerably shorter 
overall retention time produces an 
effluent B.O.D. equal to or better 
than the conventional activated 
sludge systems. 


Investigate this latest and proved 
biological treatment process for ap- 
plication to your sewage or waste 
treatment problem. Write for com- 
plete information today! 


"PATENTS PENDING 


® BETTER WATER CONDITIONING ° 
AND WASTE TREATMENT SINCE 
1894 


"S LEADING MANUFACTURERS oF WATER CONDITIONING AND WAS E TREATING EQUIPMENT 
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It takes a TAPERED 


to successfully 
Sewage Sludge 


TAPERED PLUG PREVENTS 


SEAT SEPARATION IN 
NORDSTROM VALVES 


© An exposed valve seat is subject to rapid =] 
wear. Grit grinds out the seat. Note how Nordstrom if 
valyes give full protection to the seat. Being tapered, 


thé plug is always positively seared on a film of pro- i 
tective lubricant. A quarter turn fully closes ot opens H 
thé valve. The plug can be jacked if ever too tight by i 

tugfing the lubricant screw 
Kept sealed, automatically ib 

“S@aldport’’ lubrication forms an effective leak-resistant iE 
seal around each port. Use of Rockwell Hypermatic i” 
ne automatically lubricates the valve, maintaining 
cofistant pressure within the valve so chat frequent re- 


lubication is unnecessary. Specify Nordstrom valves 
omall sludge lines, gas, air and wacer lines. 


Grit cannot intrude. Plug seats on lubricant 


Sealdport”’ lubrication seals ports 


lypermatic automatically lubricates 


Gland || 
Tyre 


Nordstrom Valve Division 


ROCKWELL MANUFACTURING CO. % 
x 5 
400 N. Lexington Avenve . Pittsburgh 8, Penna. Ww 
Atlanta, Borton, Chicago, Columbus, Houston, Kensas City, Los Angeles, 
New York, Pittsburgh, Sen Francisco. Seattle, Tuba 
Also leading supply houses 
Export, Rockwell Co., international Division, 7701 Empire 
Stete Building, New York 1, N.Y if 
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SEWAGE AND INDUSTRIAL WASTES 


MANUFACTURERS OF 
PEKRUL GATES FOR: 


Flood Control 
Levees 
Irrigation 
Water Works 
Dams 


Sewage Disposal 


Reservoirs 


Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 


Cooling Towers 


PEKRUL GATE DIVISION 
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SEWAGE AND INDUSTRIAL WASTES 


| Dresser Couplings join 
18” line to aeration tanks 
at Chicago's West Side 
Sewage Treatment Plant. 


Fourteen years of trouble-free service 
in Chicago's West Side Sewage Treat- 
ment Plant prove the dependability of 
Dresser Couplings for air distribution 


lines. These lines are continuing to give 
excellent service. 

Lasting tightness is assured with 
Dressers, because these flexible joints, 


with their resilient rubber gaskets, harm- 


lessly absorb vibration, expansion and 
contraction. Gaskets are specially com- 
pounded for long life. 

Ideal on raw-sewage. sludge, outfall, 


air, water-supply and inside pipe lines. 


Write today for catalog material. 


ogg 


Dresser Manufacturing Division, 59 Fisher Avenue, Bradford, Pa. (One of the Dresser 
Industries). In Texas: 1121 Rothwell Street, Houston. In Canada: 629 Adelaide Street, 
W., Toronto. Sales Offices: New York, Philadelphia, Chicago, Houston, San Francisco. 
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| NEW POROUS MEDIA BOOKLET 


... the most complete 
available 


Here are 56 pages of 


invaluable information 


covering all fields 


of filtration 


and diffusion 


Yours for the asking is this comprehensive new booklet on porous 

ae | ceramic media by CARBORUNDUM. It contains a wealth of useful 
§ pal material — including many charts, tables and photographs — which 
4] should make it the principal reference source for technicians in all 

| fields of filtration and diffusion. It covers applications, design, 
specifications, installation and operation. The table below indicates 


4 the scope of information included. Write for your copy today. 
4 
| Part 1—GENERAL DESCRIPTION AND PROPERTIES Part 2—FILTRATION 
Composition and Structure Underdroins — Water Filtration 
rades Underdrains — Softening and 
Solubility Demineralization 
Strength Underdrains — Special Uses 
Uniformity Diatomite Filtration 
Refractory Properties Direct Liquid Filtration 
Porosity Direct Gas Filtration 
Capillarity Miscellaneous Applications 


Density — Weight 


Part 4— PRODUCT SPECIFICATIONS 


Details of Underdrain Plates 
Specifications for Underdrain Plotes 
Details of Filter Plates 
Details of Filter Tubes 
Specifications for Filter Plates and Tubes 
Details of Diffuser Plotes and Tubes 
Specifications for Diffuser Plates and Tubes 


Part 3—DIFFUSION 


Background and Applicetions 
Design of Tanks and Air Requirements 
Diffuser Design 
Diffuser Types 
Diffuser Requirements 
Diffuser Grade ond Permeability 
Pressure Loss 
Advantages of ALOXITE Diffusers 
installation and Operation 


“Carborundum” and “Aloxite” are registered trademarks which indicate 
manufacture by The Carborundum Company 


Dept. N-60 

a THE CARBORUNDUM COMPANY 
Refractories Division 

PERTH AMBOY, NEW JERSEY 
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Consulting Engineer Haskins Specifies Inertol 
Paints throughout two new sewage plants 


North Side Sewage Plant, the larger of the two plants at Joplin, Missouri. 
Inertol colors and black bituminous paints applied throughout both plants. 
Consulting Engineer: Charles H. Haskins, Kansas City. 
Contractor for North Side Plant: Eby Construction Company, Wichita. 
Contractor for South Side Plant: Lippert Brothers, Oklahoma City. 


Stringent paint specifications for both Joplin plants 


i:xterior steel and equipment exposed to fumes: ““Rustinhibitive Primer and 
Ramuec Utility Enamel as manufactured by Inertol Co., Inc. or approved equal.” 
I:xposed interior piping: “Rustinhibitive Primer and . . . a tough high-gloss 
protective enamel similar and fully equal to Inertol Glamortex.” Concrete 
ceilings, upper walls, dadoes, floors: “*Ramuc Utility Enamel or approved equal.” 
Concrete and steel submerged in sewage: “‘approved acid-resistant paint similar 
and fully equal to Inertol Standard and Inertol Standard Thick respectively.” 


For exposed surfaces, the engineer chose the colors Battleship Grey, Dark 
Green, White and Medium Grey. For submerged surfaces, Black. 


Why specify Inertol coatings? 


Specify Inertol to satisfy clients and eliminate complaints on the paint job. 
Since Inertol chemists employ tough, chemical-resistant resins and pigments, 
the finished coatings stand up to abrasion, fumes, condensation and submersion. 
No peeling, no blistering, no fading. Inertol paints enduringly beautify and 
protect sewage plants. 


Local Inertol representatives for your convenience 


Drop a post card to Inertol: “Have your local man see me about painting 


INERTOL CO., INC. 


19 South Park 480 Frelinghuysen Avenue 
San Francisco 7, California Newark 5, New Jersey 


Inertol, Ramuc, Glamortex-—Trademarks registered U. S. Pat. Off. 
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Are 


INDUSTRIAL 
WASTES 


Your Problem? 


Let Link-Belt sanitary engineers show you how to 

recover valuable solids, protect public health, re- 

duce stream pollution, ond put waste treatment on : ae Pa 

an efficient basis. Link-Belt water and sewage 

treatment equipment is unexcelled in design and Above: Neutralization is accom- 

effective operation. plished by mixing lime with acid 
wastes in the Link-Belt Flash 
Mixer, which can olso be used 
to treat metal piloting wastes or 
wherever a rapid and thorough 
mixing of liquids and chemicals 
is desired. 


Above: To prevent stream pollution, 
end recover valuable carbon, with 
low moisture content, and practically 
no hand labor, Link-Belt flight con- 
veyor in a specially designed tank 
gives excellent results. Can also be 
used for removal of mill scale from 
cooling water, etc. 


Above: To separate waste oil and heavy solids from 
refinery waste woters, Link-Belt Straightline oil ond 
sludge collectors in specially designed tanks, give high 
efficiency, and conform to A.P.I. recommendations. 


Link-Belt engineers have broad experience 
and a complete line of equipment—screens, 
sludge collectors, washers, mixers, dryers, 
aerators, power transmission and convey- 
ing machinery, with which to implement their 
recommendations. 


LINK-BELT COMPANY 


Philadelphia 40, Chicago 9, Indianapolis 6, Atlanta, Houston |, 
Minneapolis 5, Son Francisco 24, Los Angeles 33, Seattle 4, 
Toronto 8. Offices in Principol Cities 


Above: Many Link-Belt Straightline sludge and 
grease collectors in catch basins at meat pack- 
ing houses hove paid their costs several times iS = 
in value of grease and solids recovered. ©. 
Grease is collected on water surface and b 

solids are pushed along the floor of tank. sn wt 


Solids may be processed for protein animal : ‘Ss aee 
food and grease recovered by rendering. Sanitary Engineering 
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Wore: shock strength — or, for that 
matter — without all of the strength factors 
listed opposite — no pipe laid 100 years 
ago in city streets would be in service 
today. But, in spite of the evolution of 
trattic from horse-drawn vehicles to heavy 
trucks and buses—and today’s vast 
complexity of subway and underground 
utility services — cast iron gas ard water 
metins. laid over a century ago. are 
serving in the streets of more than 30 
cities in the United States and Canada. 
Such service records prove that cast iron 
pipe combines all the strength factors of 
long life with ample margins of safety. No 
pipe that is provably deficient in any of 
these strength factors should ever be laid 
in city streets. Cast Iron Pipe Research 
Association. Thos. F. Wolfe. Engineer. 
122 So. Michigan Ave.. Chicago 3. 


Strength factors of Long Life! 


No pipe that is provably deficient in any of these 
strength factors should ever be laid in city streets 


SHOCK 
STRENGTH 


CRUSHING 
STRENGTH 


BEAM 
STRENGTH 


BURSTING 
STRENGTH 


The toughness of cast iron pipe which enables 
it t© withstand impact and traffic shocks. as 
well as the heserds in handling. is demon 
strated by the impact Test. While under hydro 
static pressure and the heevy blows trom a 
50 pound hammer stendard Sinch cast tron 
pipe does sot creck until the hammer is 
dropped times the some spot trom pro 
qreesively increased heights of 6 inches. 


The ability of cast iron pipe to withstand ex 
ternal loeds imposed by heavy Gli and us 

loads is proved by the Ring 
Compression Tes’. Standard 6inch iron 
pipe withstends a crushing weigh! of more 
than 14.000 Ibs. ver foot 


When cast tron pipe is subjected to beam 
streas ccrused by so! settioment. of disturbance 
of soil by other utilities. or resting on aa ob 
struction, tests prove that standard 6iach cast 
tron pipe in 10-foot apen sustains a load of 
13.000 Ibs. 


In tull length bursting tests standard 6-inch 
cant pipe withstrnds more than 2500 Ibe. 
pe square inch interna! hydrostatic pressure, 
which proves ample ability to resist water 
homme or working pressures 
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+e two waste treatment problems then, Dorr equipment and methods 
are exactly alike . 


equipment unit can be the solution 


to them all. 


Diversified equipment 


AND INDUSTRIAL 


. and no single 


and diversified experience are essen- 


tial to a successful and economical 


solution... 


The first Dorr-equipped waste treat- 
ment plant was installed at a New 


England textile mill in 1915. Since 


and Dorr has both 


treatment 


WASTES 


have been employed for the treat- 
ment of both organic and inorganic 


wastes of virtually every kind. 


Today, this experience, coupled with 
a complete line of thoroughly proven 
equipment, provides a practical ap- 


proach to the problem of trade waste 


A West Coast sewage plant had its lood 
doubled by scum-forming cannery 
wastes five months out of twelve, vir 
tually putting out of commission 
A Dorrco Vocuator, Biofiltration with o 
Dorrce Distributor and a final Dorr 
Gortfier hove completely eliminated 
the scum problem and put the plant on 
© yeor-round 


60 gol min with o BOD of 700 ppm, 
are being treated effectively with o 
Dorr single-stoge Biofiltration System. 
Equipment includes @ Dorr Primary 
Garifier, Dorrca Distributor, plain fina! 
dorifinr, and a Dorr Digester equipped 
with high capacity mixing 


Packing house wostes from o residen- 
tially located mect products plont ore 
given complete treatment in on orec 
less thum 80° x 100°. A Dorr 
gester combined with Dore 
Filter provide two-stoges of Biofiltre- 
tron followed by digestion 


G, , 
‘ you have a waste treatment problem we would wel 


ne the opportunity to work with your « 


onsulting engi 


neers. 1f you are a consulting engineer actively engaged 


in waste treatment, our experience is at your disposal 


MEW YORK © ATIANTA © TORONTO 
CHICAGO © DENVER © LOS ANGELES 
RESEARCH AMD TEST! Toews 
WESTPORT, COnn. 


sun 
PETERE & CORR DIVISION, STAMFORD, CONN 
Derr Tecwico! Serviewss and Equipment Are Also 
Assoxioted Compome: ond Rep- 
the Principal Cities of the World. 
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Sewage Works 


SEWAGE WORKS IN THE COLNE VALLEY AREA, 
HERTFORDSHIRE, ENGLAND * 


By W. Finuinguam Brown 


Chief Engineer, Colne Valley Sewerage Board, Hertfordshire, England 


History 


During the period between the two 
World Wars, exceptionally rapid ur- 
ban development occurred in the 
Greater London Area, Southwest 
Hertfordshire being no exception. As 
a result, many sewerage and sewage 
disposal systems, especially the latter, 
soon became seriously overloaded. 
The difficulties resulting from the 
overloading of sewage disposal works 
and the multiplication of cesspools led 
to joint action by a number of local 
authorities in Southwest Hertford- 
shire, the first step being to explore 
the possibility of unifying the sewage 
disposal services of the Area on the 
lines recommended in the Greater Lon- 
don Drainage Report made to the 
Minister of Health in 1934. A tech- 
nical report prepared by the late E. 
A. Sandford Faweett indicated that a 
regional scheme of trunk sewers and 
centralized sewage works prac- 
ticable, and could be designed to re- 
place most of the existing sewage dis- 
posal works and pumping stations in 
an area comprising the watershed of 
the River Colne and its tributaries, the 
Rivers Chess, Gade, and Ver. 

The next step, therefore, was to re- 
quest the Hertfordshire County Coun- 
cil to promote a bill in Parliament 
with the object of incorporating a 
joint board to be made responsible for 

* Presented at 22nd Annual Meeting, Fed- 
eration of Sewage Works Assns.; Boston, 
Mass.; Oct. 17-20, 1949. 


the administration of the existing sew- 
age disposal services of the area and 
also for constructing the system of 
trunk sewers, with a centralized sew- 
age disposal works as recommended in 
the report. 

This decision was made at a confer. 
ence of the interested authorities held 
in July, 1935, and immediate promo- 
tion was begun of the Hertfordshire 
County Council (Colne Valley Sewer- 
age, ete.) Bill, which received Royal 
Assent in July, 1937. The board thus 
incorporated is known as the Colne 
Valley Sewerage Board, and has a 
total membership of 30, the elected 
representatives of 13 local Authori- 
ties. The area served is shown in Fig- 
ure 1, 

The first construction contracts were 
let in 1938. Other contracts for see- 
tions of the trunk sewers and purifica- 
tion works, and for mechanical equip- 
ment for the latter, followed, and were 
continued until the outbreak of World 
War II. The Board then obtained 
government approval to continue the 
construction of a restricted scheme to 
serve the areas nearest the purification 
works, but the increasing difficulty of 


obtaining Jabor and materials soon 
made further progress uneconomic and 
all contracts were therefore wound up 
and the work left uncompleted. 
Work was not resumed until May, 
1946. Since that time, progress has 
been maintained on both sewer and 


works contracts, reasonably well on the 
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BAR 


FIGURE 1.—Area served and existing and proposed trunk sewers and sewage treatment 
plants of Colne Valley Sewerage Board. 


former, but less satisfactory on the 
latter, mainly owing to shortage of 
skilled labor The scheme is planned 


to be 


put into operation by the end of 


The total population of the area to 
be served by the scheme was estimated 
n 1936 to be approximately 220,000. 
It was expected that by 1965 this fig- 
ure would increased to about 
132,000, and the designs for the trunk 


have 


sewers were 


originally based on this 
tter figure. The present population 
1949) is estimated to be approxi- 
mately 320,000 and it is expected that 
t will ultimately reach about 500,000 


us a result of the planned development 


of the districts concerned. The Town 
and Country Planning Act of 1946 
provides, among other things, for the 
establishment of new 
ited size outside the 
Area, in accordance 
mendations of ‘‘The 
Plan, 1944.’’ 

In this connection, 
that of the new designated 
under this Act, one, Hemel Hemp- 
stead, lies wholly within the Board’s 
area, another, Hatfield, although 
only partly within the will 
probably be wholly served by the 
addition, the 
London County Council is developing 
residential Wat- 
ford, and has obtained powers to ae- 
land at 


towns of a lim- 
Greater London 
with the 
Greater 


recom- 
London 


it may be noted 
towns 
and 
area, 
Board’s scheme. In 
a large 


estate near 


quire Borehamwood for a 
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similar purpose. These estates, both 
within the Board’s district, are in- 
tended to house upwards of 50,000 
people at present living in over- 
crowded or otherwise unsatisfactory 
conditions in London. 


Location 


The existing sewage disposal works 
in the Board’s area, totalling about 30 
in all, may be divided into two main 
groups. In the first are the older 
works, originally irrigation areas and 
still largely so, situated on high ground 
where the subsoil is mainly plateau 
gravel, and to which all or most of 
the sewage is pumped from a collect- 
ing point or points in the river val- 
leys. The second group ineludes 
mostly the main newer works, sited in 
the valleys, and to which most of the 
sewage flows by gravity only. It will 
be seen, therefore, that trunk sewers 
laid principally along the river valleys 
not only will have all the advantages 
of a gravity system, but may readily 
be sited so as to link up and eliminate 
all the works in the second group di- 
rectly, and those in the first group in- 
directly by eliminating the pumping 
stations. 

This was the principle adopted in 
the design of the Colne Valley Scheme, 
though in a few cases it was found 
more convenient to make connection to 
the existing systems at several points 
en route instead of at a single point at 
or near the works. In some places 
where the river valleys meander it 
was found preferable to shorten the 
route of the sewer by taking a more 
direct course, though this in- 
volved construction in tunnel, but in 
general the sewers follow the rivers 
fairly closely. 

Under the terms of the 1937 Act, the 
soard is responsible for aecepting 
sewage, at a rate not exceeding 6 times 
a dry weather flow (D.W.F.) of 40 
g.c.d. (Imp.), from any constituent 
authority’s area ‘‘or part thereof,”’ 
and the trunk sewers were designed 


even 
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with a maximum capacity based on 
this value. No special allowance was 
made for trade wastes, but as most of 
the existing development to be served 
is drained on the separate system, and 
all future development is expected to 
be so drained, it was considered that 
the basis of design provided a gener- 
ous margin for all trade discharges 
likely to be experienced. 


Grades and Soil Conditions 


Natural gradients in the river val- 
leys were found to be such that, in gen 
eral, sewers could be laid at the mini 
mum depths necessary to collect the 
flows at the points of connection to 
the systems of the constituent authori- 
ties, and themselves have gradients 
giving self-cleansing velocities at all 
times. It was decided that sewers of 
cireular cross section should be used 
in all cases, and the diameters required 
vary from 15 to 75 in. The total 
length of trunk sewers to be provided 
will be approximately 55 miles. 

The subsoil in the Colne Valley area 
is mainly gravel overlying chalk. The 
gravel is alluvial in the valleys and 
mostly waterlogged to within a few 
feet of the surface at all times. The 
chalk is mainly fissured and water 
bearing. Samples of water taken 
from test borings along the routes of 
all the sewers were analyzed, but in no 
case were sulfates found to be present 
in quantities likely to be dangerous 
to conerete. It was decided, there- 
fore, to use spun conerete pipes wher- 
ever possible, with conerete surround 
if necessary. Spun iron and_ steel! 
pipes have also been used where bad 
ground was encountered or expected, 
and in such eases flexible-type joints 
are used. These remarks refer to sec- 
tions in open trench, the largest size of 
pipe used in this situation being 75 
in. spun eonerete. 


Tunnel Construction 


As mentioned previously, the routes 
of some sections of the main trunk 
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wer were sited under higher ground 
As the diameter was comparatively 
large, construction in tunnel using 
segments, as distinct from laying pipes 
in heading, was chosen as the method 
» be emploved. In the first tunnel 
¢tions, constructed before the war 
and of 75-in. internal diameter, cast 
iron segments of the usual pattern 
ere used After jointing with lead 
strip, caulked into position, a lining 
crete 2 in. thick over the seg 


ment flanges, and reinforced with 4-in 


mesh steel fabric, was applied by the 
‘gunite’’ process, sereeded to tem 
plates, and trowel finished 

During the war, a reinforced con 
crete segment similar in most respects 
to the cast-iron pattern was developed, 
and with the rapid increase in the cost 
of cast iron during and after the war 
it was realized that the use of such 
seyments, if practicable would result 
in a very large saving in the cost of the 
tunnel! sewers. The concrete segments 
were used successfully in the eon 
struction of tunnel shelters in the Lon 
don clay, but there was no experience 
with their behavior in other types of 
ground; in particular, it was not 
known whether their use in water 
bearing strata would result in a water 
tight structure This was a point of 
more than usual importance in the 
present instance, and for two very dif 
ferent reasons. First, the subsoil was 
cnown to be water bearing, and in 
some localities under considerable 
head at the depth of the sewer It 
was necessary, therefore, to exercise 
atest care, both in design and 
construction, to prevent infiltration 


so often the cause of unnecessarily 
pumping costs Secondly, the 

whole of the water supply of the area, 
and of densely populated areas in the 
adjoining county of Middlesex, is ob 
ii! { from wells in the chalk mans 
of which are comparatively closet 
t} rowte of the sew rs The low al 


water suppliers had there fore, ob 


ained the inelusion in the Board's 
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Act of protective clauses designed to 
insure a watertight sewer. Admit- 
tedly, if the sewers are not watertight, 
infiltration of subsoil water is a more 
probable result than the escape of 
sewage, as in most localities the sub- 
soil water is under considerable pres- 
sure at the depth of the sewer and the 
sewage is not. However, the subsoil 
water level is known to vary through 
a wide range in certain places, and it 
would not be safe to assume that sew- 
age would never escape into the sub- 
soil at these points 


Experimental Length 


With these considerations in mind, 
it was decided that although the sav- 
ing in first cost by the substitution of 
concrete for cast-iron segments was 
likely to be substantial, actual experi- 
ence with construction in water-bear- 
ing ground was essential before their 
value could be assessed in the present 
instance. A 275-yd. length of 75-in 
diameter sewer was chosen, therefore, 
as an experimental length to ascertain 
whether reinforced concrete segments 
would be suitable in ground typical 
of conditions to be expected in the rest 
f the Colne Valley area. If the ex 
periment sueceeded, the length would 


become part of the main sewer, and 
the remainder of the tunnel sections 
would be constructed similarly. If it 
failed, the length would have to be 
either reconstructed in east iron, or 
abandoned and a parallel length con- 
structed alongside 

From the test borings it was known 
that the length chosen was entirely in 
chalk, and it was expected that the 
maximum head of water above the 
sewer center line would amount to 
about 25 ft 

All joints, both longitudinal and 
ircumferential, were made with ce- 
ment mortar mixed with a quick 
setting and waterproofing compound, 
and a 3-in. thick reinforeed concrete 
lining was applied. The final ™% in 
in the invert was subsequently applied 
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by the ‘‘gunite’’ process under a later 
contract. 

As far as may be judged at present, 
the experiment was an unqualified 
success. The length is quite water- 
tight under the normal head of sub- 
soil water (see Figure 2) and it was 
decided, therefore, to employ pre-cast 
concrete segments with a concrete lin- 
ing for all tunnel sections still to be 
constructed. 


Flow 


Veasurements 


Standing-wave flumes and recorders 
are to be installed at suitable points 
on the sewerage system in order to 
ascertain, directly or by difference, the 
quantities of sewage received from the 
various districts served by the scheme, 
and the rates of flow. The flumes are 
to be of conerete, cast in place, with 
inverts of semi-cireular section. The 
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recorders will be fixed above ground 
in teak cases enclosed in special cast- 
iron outer cases bolted to a conerete 
foundation block. 


Design of Pumping Stations 


As previously mentioned, the sewers 
are laid mainly in the river valleys, 
and the gradients of the ap- 
proximate the river gradients, The 
levels at which the sewers are to be 
laid are, however, mainly below the 
river levels, and for this reason it 
would be impossible to construct storm 
overflows to the rivers. As the Board 
is not obliged to accept flows exceed- 
ing 6 D.W.F., this fact is not likely to 
cause difficulties. 
ever, that it 
pump the entire flow. 

In order to explain further decis- 
ions in this connection, it will be nee- 


sewers 


It does mean, how- 


becomes necessary to 


FIGURE 2.—Experimental tunnel section of main trunk sewer, showing pre-cast concrete 
segment construction. 


| 


essary to describe the site of the treat- 
ment plant 
acres of land at Maple Lodge, about 
2 mi, south of Rickmansworth, lying 
near the River Colne and Grand Union 


This comprises some 30 


Canal, which it adjoins see Figure 3 

Like much of the low-lving land in the 
valleys of the Colne and its tributar 
ies, it was liable to flooding, and the 
subsoil is water-logged to within 
4 ft. of the The 


alluvial some 


surface subsoil IS 


gravel, with surfac 
overlying chalk, the latter being 
20 ft Con 


struction of 


peat 


about below the surface 


large tanks in such 


ground would involve exceptional diffi 


culties and very heavy expense, not 


only in dewatering the excavations 
but alse in providing adequate strength 


and stability against the head of water 
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present. For these reasons, it was de- 
cided to construct the works 
ground as far as possible, and the top 
water level in the sedimentation tanks 
is approximately 10 ft. above original 
ground level. A sufficient depth of 
excavation to provide a 


above 


was chosen 
stable foundation in all cases, and also 
enough excavated material to supply 
filling and embankments between and 
around the tanks, ete. This decision 
made it necessary to pump all the sew- 
age before purification 
from 

the valley of the Colne now consists 


Downstream Rickmansworth 
largely of a chain of lakes formed as a 


result of gravel winning operations. 


Consequently it would be almost im- 
possible to lay a large sewer along the 


valley to the Maple Lodge site. Diffi- 


FIGURE 3.—Aerial view of Maple Lodge sewage treatment plant under construction. 
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cult canal and river crossings would 
also be involved; therefore, it was de- 
cided that it would be more economical 
to construct the main pumping station 
on a site near Rickmansworth and 
about 1% mi. from the Maple Lodge 
works, and deliver the sewage to the 
works through force mains laid in the 
higher and drier ground along the east 
bank of the canal. The canal and 
river crossings will be by steel girder 
bridge. Two pumping mains, each of 
48-in. diameter, will be laid now, and 
a third main of the same diameter at 
a later date. The mains are of steel, 
lined and sheathed with bitumen, and 
hessian wrapped. They are jointed 
by welding, the bitumen lining and 
sheathing being made good after the 
joints are made. 

The pumping station is of normal 
design with reinforced conerete sub- 
structure comprising wet and dry 
wells, and brick superstructure. The 
static head is between 20 and 25 ft. 


Equipment 


The equipment of the stations com- 
prises vertical centrifugal pumps 
mounted in the dry well, direct coupled 
through steel shafting to electric 
motors at ground level. Completely 
automatie control will be provided and 
indicators will be installed showing, 
by means of a mimic diagram on a 
panel in the power house at the works, 
the pumps that are in operation and 
the level of the sewage in the wet well. 
At the main station, 6 D.W.F. pumps 
of approximately 4,000-g.p.m. (Imp.) 
capacity, and 3 storm-water pumps of 
approximately 10,000-g.p.m.  (Imp.) 
eapacity will be installed in the first 
instance, and additions made as re 
quired in the future up to a total of 
9 D.W.F. and 4 S.W.F. pumps. All 
these pumps will be driven by variable 
speed motors. 

Power for operating all the pumping 
stations will be generated at the works 
and transmitted by high-tension 
cables laid underground. Connee- 
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tions for the level indicating mechan- 
ism, telephones, ete., are provided by 
separate multi-core cables. 


Design of Treatment Plant 
General 


The whole of the effluent from the 
works will be discharged into the River 
Colne, a comparatively small river 
which joins the Thames above the in 
takes of the Metropolitan Water 
Board. It will be evident, therefore, 
that the highest standards of purity, 
consistent with economy, will be re- 
quired of the effluent. The Board has 
undertaken, as a result of represen- 
tations made by the Thames Con- 
servancy and Metropolitan Water 
Boards, not to discharge any effluent 
not complying with the Royal Com- 
mission Standard for B.O.D. and sus- 
pended solids (20 and 30 p.p.m., re- 
spectively). In addition, all effluent 
must pass a test for putrescibility. 
The significant point in this connection 
lies not so much in the standards them 
selves, as in the fact that they are to 
apply at all times to the whole dis- 
charge from the works. This is a de- 
parture from the recognized Ministry 
of Health design standards, which 
only require the provision of full 
treatment for all flows up to 3 D.W.F., 
partial treatment for flows between 3 
and 6 D.W.F., and no treatment for 
flows exceeding 6 D.W.F. As men- 
tioned above, the relative levels of 
trunk sewers and rivers make the 
provision of storm overflows impos- 
sible, and as the Board is not obliged 
to receive flows exceeding 6 ID.W.F., 
the question of the standard of purity 
of discharges of untreated storm water 
does not arise. The acceptance by the 
Board of a ‘‘full treatment’’ standard 
for flows between 3 and 6 D.W_F. does 
constitute, however, an important ad- 
vance in sewage purification stand- 
ards and consequently in the preven- 
tion of river pollution. 

The adoption of such a standard in 
small- and medium-sized schemes 
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would result in very substantial in 
creases in the capital cost of the puri- 
fication works; the additional plant 
provided, whether storage tanks and 
pumps, or extra biological purifica 
juipment, would be uneconomi 
in that it would be out of use for much 
On the other hand, it ts 


possible in a large regional scheme t 


achieve this |! standard at com 
paratively low cost, and with econom) 
provided certain methods of purifica 
tion are adopted. In such a systen 


peak flows do not, except in very ex 
ceptional circumstances, arrive at the 
purification plant at the same time 
The resultant peak for wet weather 
flows 18 thus substantially below the 
iweregate of the peak flows contrib 
uted by the individual towns or dis 
tricts served One effect of this bal 
ancing is to cause a larger proportion 
of what would be the flow above 3 
D.W.F. at the points of entry into the 
trunk sewers, to pass the storm over 
flow weir at the works and receive full 
treatment. This in turn reduces the 
actual volume of storm water flowing 
over the 3 D.W-F. weir. conse 


quently th capacity of the storm 
water tan necessary to provide 
ttlement need not be so vreat Al 
ternativel) I normal storm tank 
apacity is provided, overflows from 
them at orrespondingly smaller and 
frequent. so that a larger volume 
mav be pumped back for full treat 
nt 
Furthermore, if power is) derived 
from sludge gas, almost a foregone con 
lusion in a regional scheme, generous 
aeration can be provided eheaply, and 
an effluent onsistently well ibove 


Roval Commission standard thereby 


esaured. The effect of mixing suc! 
ar ffl nt th the occasional over 
flows of ttled ‘‘storm water’’ has 
been found at the West Middlesex 
works 1) In at sult ne nt 
still witl il Comn sion lin S 

These considerations were taker 


into account in designing the Board’ 


works at Maple Lodge, and it was de- 
cided to adopt the diffused air, acti- 
vated sludge system of purification, 
with a capacity sufficient to give 12- 
hr. aeration on dry weather flow, and 
an air supply of 1.5 eu. ft. per gal 
Imp.) of D.W.F. treated Sedimen- 

tation and storm-water tanks of a ca- 
pacity equivalent to 744 hr. and 6 hr 
D.W.F., respectively, were chosen for 
preliminary treatment, and it was also 
decided to employ sludge digestion to 


yrrovide methane gas for the genera 
| 


tion of the power required for pump 
ing, air compressing, and other pur 
poses. <A flow diagram for the plant 
is shown in Figure 4 


Preliminary Treatment 


Four grit removal channels, fed 
from a common header channel into 
which all the foree mains discharge, 
will be provided. Each channel has 
an effective leneth of 60 ft. and ap 
proximates in cross-section the para 
bolic shape necessary for maintaining 
uniform velocity of flow at all levels 
when controlled by a= standing-wave 
flume. The flumes are 12 in. wide at 
the throat, and the system will main 
tain a forward velocity of 1 ft. per see 
at all levels Inlet and outlet pen 


stocks are motor operated, and auto 


matically controlled from the flow level 
upstream of the 3 D.W.F. gauging and 
control flum: The channels may be 
isolated for vrit removal and can be 
arranged to come into operation sue 
cessively in any pre-determined order 
The outlet penstocks will not open 
simultaneously with the inlets, but 
some seconds later. in order to allow 
the ehannel to fill to the operating 
level when being brought into opera 


_or to empty when being taken ont 


if operation Each channel has a ea 
pacity of 2.400 e.f.m., being approxi 
mately 2 D.W.F. on present flow 
Three channels will deal, therefore, 
with 6 D.W-.F. (present), leaving one 
as a standby. For reasons given above 


t is expected that the four channels 


& 

j 

a} 


Tey 

i 

a 
tite 
‘ 
As 


COLNE VALLEY SEWAGE WORKS 31 


will provide enough capacity for all nel, together with the grit, will then 
future requirements. be conveyed to a grit washer through 

Each channel is provided with two a centrifugal-type grit pump housed 
subsidiary channels for the storage of below the channel structure. High- 
grit. When a channel requires empty- pressure water is provided for sluie- 
ing, it will be taken out of operation ing the grit to the outlet pipes and 
by closing first the inlet and then the for washing the channels. The grit 
outlet penstocks. The small quantity washer is of the vertical upward-flow 
of sewage still remaining in the chan- type, the wash water being obtained 
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FIGURE 4.—Flow diagram of Maple Lodge sewage treatment plant. 
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from the River Colne and pumped to 
the lower part of the washer through 
a number of jets. The mixture of 
wash water and sewage will flow over 
a peripheral weir at the top of the 
washer and be returned to the main 
flow for treatment, while the 
clean grit will settle to the bottom of 
the hopper, It 
means of the grit pump to a nearby 


sewage 
will be removed by 


gravel pit 

Immediately downstream of the grit 
storm-water weir, where 
3 D.W.F. are diverted 
water tanks 
is controlled, within more 


channel is the 
flows exceeding 
to the 
tity of 


storm This quan 
flow 
accurate limits than a long weir paral 
flow 
provide, by means of a motor-operated 
penstock controlled by the level of the 
flow immediately 
D.W.F. flume 
Instead of 
large solids three 


will be 


stream of 


lel with the direction of would 


upstream from the 


screens for removing 
46-in. comminutors 
installed immediately down- 
the 3 D.W.F. flume. Any 
two of these machines will be capable 
of passing the flow to he 
full the works 


maximum 


riven treatment in 


Sedimentation and Storm-Water Tanks 


Single-stage sedimentation ree 
tangular tanks was chosen for effecting 
solid matter, the total re 
tention period allowed being 7% hr 


D.W.F. In the 
was to be gained by adopting 


removal of 


designer's view no ad 


two stages for sedimentation, and for 
economy of construction and sludge 
scraping juipment rectangular tanks 


had 


disadvantages effi 


were preferable to circular, and 
ciency, Sludge 


Mieder-typ 


operating at tre 


removal will be by 
traveling bridive scrapers 
intervals while 


The 


discharged from the hoppers by hydro 


quent 
the tanks are in use sludge is 
static head through visible outlets and 


flows by gravity to the sludge pump 

ing station 
The storm 

eal size, shape, and design (272 ft. by 52 


ft. by 10 ft. mear 


water tanks are of identi 


water depth), and 
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with tanks form a 


single battery of tanks ranged side by 


the sedimentation 
side. There are several advantages in 
this arrangement. Apart from economy 
of space, all the tanks may be seraped 
by a common scraper or pair of serap- 
storm-water tanks may 
be converted to sedimentation tanks 
merely by altering the inlet penstocks. 
In this way, future extensions may be 


ers, and the 


saved if the tank capacity provided is 
proved in practice to be unnecessarily 
large by reason of the balancing effect 
of the 
eause all new development will be on 


trunk sewerage system, or be 


a strictly separate system of drainage. 
Space is left for the construction of 
tanks of either kind if re- 
but 
storm 


additional 
sedimentation and 
tanks of the 


given above are considered enough for 


quired, four 


three dimensions 
present requirements 

The tanks are fed from pressure cul- 
Mieder 
transfer carriage platform, and run- 
ning transversely 
of the battery 


is economical 


verts constructed under the 
along the south end 

Such an arrangement 
and construct, 
but will not give equal distribution to 
the tanks. In order to improve this, 
culverts 
changes several times throughout their 


easy to 


the eToss section of the 


length, and the inlet penstocks will be 
adjusted to provide the rest of the bal 

The the 
vertical four 
per tank, discharging near top water 
level. An baffle, 
partially is provided to 
deflect the and 
short 


ancing necessary inlets to 


tanks consist of shafts, 


inclined concrete 
submerged, 
dis- 
circuiting the 
Weir outlets are 
arranged under the scum channel plat 
form The outlet 
running transversely across the north 
end of the battery, conveys tank efflu- 
ent to the aeration channels through 


flow downward 


eourage across 
surface of the tank. 


common channel, 


culverts situated between the sedimen- 
tation tanks and the storm-water tanks. 
In all tanks, decanting pipes are pro 
vided leading to a main pipeline con- 
nected to the sludge pumping station, 
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where the contents of tanks may be 
pumped back for full treatment. 


Biological Purification Plant 


From the first, it was intended to 
generate power from the gas evolved 
during the sludge digestion process, so 
that there was no need to sacrifice 
other advantages in favor of economy 
in power. It was decided, therefore, to 
use the diffused air, activated sludge 
system, and to provide for generous air 
supply and ample pumping capacity 
for the return of activated sludge. 

The aeration units each consist of a 
flow and return channel 15 ft. wide by 
13 ft. effective depth, and a_ total 
length of 616 ft. Eight such units are 
being provided now, and space is left 
for others to be added. The & units, 
one of which can be used for re-acti- 
vation if necessary, will provide 12-hr. 
aeration for a flow of approximately 
12 mg.d. (Imp.). The ‘‘ridge and 
furrow’’ arrangement of diffusers is 
adopted throughout, experience at the 
West Middlesex works having indi- 
eated that it is slightly more efficient 
than the ‘‘spiral flow’’ arrangement. 
In 5 of the units, the diffusers are of 
the older flat pattern, these, with the 
necessary trays and air feed pipes, 
having been delivered and put into 
storage before construction was sus- 
pended. In the remaining th~~e units, 
the newer dome type diffuse. ill be 
installed, and it is expected that fu- 
ture units will be so equipped. 

Provision was made in the original 
design for a net air supply of 1.5 eu. 
ft. per gal. (Imp.) of sewage treated. 
Three turbo-compressors, each with an 
output of 6,500 ¢.f.m. free air will be 
installed in the first instance, and a 
fourth machine at a later date when 
required. It is expected that the air 
pressure will be approximately 7% 
lb. per sq. in. at first, and the com- 
pressors are designed to give their full 
output against that pressure. A spare 
set of gears is provided for all ma- 
chines to enable them to deliver the 
same maximum quantity (6,500 ¢.f.m.) 
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at a pressure of 9 lb. per sq. in., or 
alternatively, an increased output 
against lower pressures. In addition, 
a large range of output may be ob- 
tained below the maximum by means 
of the variable speed hydraulic coup- 
ling with which each machine is 
equipped. 

The inlet and outlet channels extend 
transversely across the eastern end of 
the battery, the inlet channel being 
adjacent to the ends of the aeration 
channels and connected to each of 
them by a 4-ft. by 3-ft. hand-operated 
penstock. Returned activated sludge 
will enter the inlet channel at its north- 
ern end through a vertical pipe fixed 
in the floor of the channel. Here it 
meets the flow of settled sewage, and 
as the directions of flow of the two 
streams are at right angles, rapid mix- 
ing is expected to result. Returned 
activated sludge can be pumped di- 
rectly to the point indicated or may 
first be reaerated in the adjoining 
unit before entering the inlet channel 
at the same point. The outlet channel 


is connected to each aeration unit 
through valve-controlled Venturi 
meter. soth inlet and outlet chan- 


nels, and also the feed channels to the 
final settlement tanks, are provided 
with a row of aeration tiles, and air 
will be used to prevent the sludge from 
settling and to keep it fresh. The 
space between the inlet and outlet 
channels is used to house the Venturi 
meters and float chambers, and to pro- 
vide a control gallery. 

The activated sludge is returned by 
two screw volute-type pumps, each of 
4,500 g.p.m. (Imp.) capacity. On the 
ultimate D.W.F. originally taken as a 
basis of design, this represented a pro- 
portion of 75 per cent, but on the ulti- 
mate flow now expected it will be ap- 
proximately 65 per cent. In addition, 
two storm-water return pumps of a 
similar type, but delivering 6,000 
g.p.m. (Imp.), may be used to return 
activated sludge if required, so that a 
total capacity of 1.5 D.W.F. will be 
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available for this purpose, exeept when plemented by waste-heat boilers if re- 


torm water is being returned. quired. The hot water circulates in 
coils of 3-in. diameter steel pipes fixed 
Final Settlement Tanks m the walls of the tanks. The fourth 
The final settlement tanks are cir tank will be unheated and will be used 
ilar. 6O ft. in diameter, 8 ft. side for secondary digestion and storage of 
water depth, and with hopper bottoms = sludge or separated water, or for stor 
at a 30° slope to the horizontal. At age of gas, the gas holder having an 
present, 12 tanks are being con extra long skirt for this purpose. The 
tructed, and space is provided for tanks are arranged in a square and the 
another four It is expected that th space so en losed is roofed in to form : 
16 tanks will be adequate to serve the a control chamber, all pipework and e 
uirements of the ultimate popula valves necessary for operation being 
tion. They are designed with central located there. 
nlets and peripheral weir outlets, and Pipes and valves are provided for re ey 
will be equipped with ring-type scrap moving scum, for sampling the contents 
rs having four suspended booms, to of the tanks at various levels, and for 
which trailing serapers are attached recirculating sludge or transferring 
fhe upward velocity at maximum flow sludge or separated water from one 
vill not exceed 7 ft. per hr. Sludg: tank to another. The combined capac 
vill be removed continuously under _ ity of the three heated tanks is 440,000 
hvdrostat head through adjustable, cu. ft. or approximately 0.9 en. ft. per 
sible-discharge bell-mouths, and will capita of the ultimate population now 
flow by gravity to the sumps of the expected. The total gas storage avail 


udge pumping station. Two of the able under normal operating eond- 
tanks are arranged for operation as _— tions will be 120,000 eu ft., represent 
sludge thickening tanks if required ing approximately 6'4-hr. supply when 
3 power units are running 


vdge Pur : Explosion risks will be minimized 


Most of the pumping required in the — by the installation of a special gas de i 
works is concentrated in a single build tection apparatus, making use of the 
ne. The equipment comprises 4 verti eatalytie reaction of a heated metallic 
al, double-ram, reciprocating pumps filament in the presence of methane 
eacl f 1O08-g.p.m Imp capacity, The change of temperature resulting 

illy designed for pumping sewage from this reaction affeets the conduc 

vl and 4 screw volute-type pumps tivity of the filament, and the varia 
? of 4,500-¢.p.m. (Imp.) and 2 of 6,000 tion in conductivity depends on the 

capacity. All pumps proportion of methane present in the 
re di vy variable speed eleetri atmosphere surrounding the filament. 

t} w volute pumps bein: Thus, by using a Wheatstone bridge 
t pled and the reciproeating  cireuit, a galvanometer may be eali- 

ns | ‘ multiple V-belt drives brated to indicate the percentage of 2 
ton Tan vas present in the atmosphere. At 
a the Maple Lodge works one detector 

Four flat-bottomed tanks, each 76 element will be installed in the control f 

If ! t ind 2 ft. deep, ar chamber of the digestion tanks, one ~ 

for the digestion of the pr in the gas governor chamber in the 
marv sludve only All the tanks will basement of the powerhouse, and three a ‘ 
be equipped with floating gas holders in the pipe gallery. All detectors will 

f steel construction, and with stirring be connected to a panel in the power i 
mechanisms. Three of the tanks will house, and will activate a multiple-pen | 
be heated by means of water from th recorder, spot reading meters, and i 
water kets of the power units, suy sual or audible alarms operating not | 
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only when a pre-arranged concentra- 
tion of gas is reached, but also when a 
failure of the detector element, or of 


the current used for heating it, occurs. 
Power and Compressor House 


All pumping, air compressing, and 
other mechanical plants will be electri 
eally operated and all electric power 
required for and for 
lighting, ete., will be generated at the 
plant in a single building. The power 
units, ultimately 6 in number, 
prise 6-eylinder vertical diesel engines 
direct-coupled to 750-kv.-a. alterna- 
The engines are of the ‘‘dual- 
fuel’? type; that is, they are capable 
of operating on oil, or on sludge gas, 


these purposes 


com 


Tors. 


or on a mixture of the two fuels in any 
proportion. When supercharged they 
will develop 950 hp., but with atmos 
pherie induction the rating is approxi- 
mately 660 hp. The working speed is 
S00 r.p.m. 

The generate eur 
rent at 3,300 \ As a large pro 
portion of the power load will be used 
for pumping sewage at a station about 


alternators will 
a0 


distant from the plant site, 
it was found more economical to gen- 
this voltage and transform 
y. 


The power requirements at the plant 


erate at 


down to wherever required, 


and pumping stations may be sum 


marized as follows: 


Init 


Sewage pumping 

Sludge pumping 

\eration 

Sludge disposal 

Tank seraping and stirring mechan- 
isms, commiuinutors, ete., and light- 


ng 


Potal 1,500 ho 


These figures refer to the require- 
weather 
from an assumed ultimate population 


of 500,000, 


ments of normal dry flows 


In addition to the power plant, the 
building houses the turbo-compressors 


mentioned above, and all the neces 


WORKS 


sary auxiliary equipment, including 
transformers, switchboards, waste-heat 
boilers, heat exchangers, circulating 
pumps, fuel and lubricating oil puri- 
fying plant, control and instrument 


panels, ete 
Sludge Disposal Plant 


admitted that the 
methods of sludge disposal in use in 
England have not 
ably for many and 
behind — the processes of 

purification not only 


It is generally 
advanced appreci- 
are far 
biological 


years, 


as regards con- 
nul- 
control, 

Sepa 


veruence and avoidance of aerial 
but scientific 
The reasons are fairly obvious. 


sane, also in 


ration of sewage solids from the con 
veying water involves a series of proe 
esses, each progressively more difficult 
and, therefore, more costly to 
out. 


earrs 
Because the final product of this 
separation was, until quite recently, 
of negligible value, it is not surpris 
the past 
restrict the 


sludge to the 


that in designers have 


had to 


treatment of 
earlier 


sew 
and 
Sedimenta 
tion, the first, easiest, and cheapest, 


aue 


easier 
processes ol the series 
natural 
oxidation 


has been used ever since the 
biological 
out in the 


brought 


processes of ear 
intensified 
The re 


sulting sludge may also be disposed of 


soil 


ried 
and 


were 
under control 


by application to land in several ways 
and up to the present few sewage dis 
posal authorities have found it neees 
sary to undertake any of the further 
stages of the separation process, all of 
which require the application of heat 
in some form to drive off more water 

When the preliminary designs for 
under 
consideration, two problems in connec 
with 
countered. 


the Maple Lodge works were 


sludge 


tion disposal were en 


was the successful 
disposal of surplus activated sludge, 
that this 


susceptible to an 


experience having shown 


sludge is not vers 
aerobic fermentation and is extremely 
diffieult to dry on 


beds The second 


problem was the prohibition, imposed 


hy the clauses inserted in the Board's 
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e protection of local wate bility of using spent hydrochloric acid, 
ivainst the adrving of sludge ised in iron pickl ng processes, as the 
vatertight beds It as masis for a sludge conditioner is being 

it the sludge liquor, if a estigated 
mak into the gravel subsoil Sludge drving and incineration will 
the nearby wells in th be on the Raymond system, well-known 
gy chalk the United States and Canada, but 


ealized that the cost of p: hitherto not used in England. Four 
aterticght beds would be ver units eacn ¢ apable of evaporating 


that it might be found more 972 Ib. of water per hour, will be 


o adopt one of the methods nstalled in a building adjoining the 


ical dewatering and/or heat filtration building. Filter cake will be 


If such a process could also onveyed to the plant by means of belt 


cessfully with surplus act onvevors capable of handling digested 
dge and provide a greater sludge and activated sludge separately 
if ientifie eontrol to the The reasons for reeommending flash 
sludge disposal as a whole, Irving and incineration for the dis 
ave great advantages After posal of sludge were mentioned above, 
il nvestigation ofall the but at the time this decision was made 
processes, especially those in before the war) it was not antici 
Un ted States and Canada pated that tl e demand for sludge for 


ded to employ digestion o ise as a fertilizer would be sufficient 


sludge only, in order to pro to justify drying it. Sinee that time, 
e vas for generating powe1 however, a shortage of fertilizers has 
h vacuum filtration, flasi irisen, and the need to return as much 
ind ineineration of both « rvanic waste material to the soil as 
d surplus activated shida possible is now generally recognized. 
igestion, the primary sludge The arrangement of the sludge dis 
elutriated in two. cireulatr posal plant will make it possible to dry 
pped with revolving sludge ill the sludge for fertilizer produe 
and thickening mechanism tion, or if it is found that onlv the 
nent will be used as the eh surplus aet ted sludge with its 
will be returned, along wit ither nitrogen content, is worth dry 
ipernatant, to the aeration ng, the digested sludge mav be burned 
treatment The tanks will In any event, with the multiple filtra 
ed to operate in series or i tion and drvine units omplete flexi 
he volume of elutriate being hilitv of operation is assured 
S the ume of sludge in t 
nal 3x times in the former Flow Measurement 
filtration nstallat ! The standinyg-wave flumes provided 
se six O r filters, each & at the outlets to the grit channels to 
ti hy 1 ft. long. arranged maintain a uniform velo itv of flow 
the first floor of the filt are also used to measure the total flow 
liar pn f sewage arriving at the plant The 
flow 1 ng full treatment, inelud 
im pun ng all returned storm water, will 
n tl rround floor ilso be measured in the 3 D.W.F 
flame situated between the storm over 
being made for tl How weir and the comminutors. The 
nate opperas for meter readings from all these flumes 
i onditione ire transmitted electrically to the 
ben rtualls nobtainable meter panel in the powerhouse, where 
rr red The poss thev are indicated, integrated, and re 
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corded, and the four grit channel read- 
ings are also summated and recorded. 

Flow of mixed liquor through each 
aeration unit is measured by means 
of a Venturi meter, and is indicated 
on pedestals fixed at the control gal- 
lery of the aeration channels. 

Returned activated sludge and _ re- 
turned storm water are measured by 
means of Venturt meters installed in 
the pipe lines at the sludge pumping 
stations The readings are trans- 
mitted to a meter panel at the station 
and are indicated, integrated, and re- 
-orded. 

The flow of air to the aeration chan- 
nels is measured by means of orifice 
plates, with the readings transmitted 
to a panel in the powerhouse. The 
total amount of and the 
amount used by each engine is simi- 
larly measured and transmitted to the 
appropriate panel. 

The flow of cooling water for the 
engines, and of the hot water used for 
heating the sludge digestion tanks, is 
indicated on the 


gas used 


and 
appropriate panel. 
The above are the principal flow 
measurements to be made at the works, 
but in addition there will be a number 
of flow 
cally mentioned, 


also measured 


minor recordings not specifi- 
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Conclusion 

The Colne Valley Sewerage Scheme 
provides another example of planned 
cooperation between the local authori- 
ties of a region, to provide and admin- 
ister an important public health serv- 
on lines whieh it would be both 
uneconomie and impracticable — to 
achieve by those authorities individ 
ually. When put into operation if 
should not only constitute a great im 
provement in the sewerage and sewage 
purification services of the area, but 
also serve to reduce to a minimum the 
pollution of rivers which provide part 
of the domestie water supply for the 
vast population of Greater London 
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DISCUSSION 


By R. 


S. RANKIN 


Engineer, The Dorr Co., Stamford, Conn 


Mr 
mended 


Brown is to be highly com- 

for thorough and able 
presentation of a comprehensive topic. 
A studious reading of the paper shows 
what careful and methodical planning 
can accomplish in solving a complex 
problem considerable magnitude. 
To attempt to present a critical discus- 
sion of the engineering design features 
of the Colne Valley project would be 
somewhat presumptuous, but, on the 
other hand, it is believed that several 
interesting and instructive compari- 


his 


ot 


sons may be made with current prae- 
tice in the United States. 

Some 12 years have elapsed since 
the Colne Valley project was formally 
approved, but it should be remembered 
that England has suffered six years 


of war and, in addition, there have 
been two more years of material short- 
All of this must be subtracted 
from the total elapsed time to arrive 
at the number of vears of unhindered 
construction. 

The design and construction of the 


ages. 
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intercepting sewers several 

unique problems. The trunk sewers 

approximately oo miles long and var 


ing in diameter from 15 to 7o in., are 


connected into local sewer systems 
serving a total of 14 cits ount 

urban, and rural districts having 30 
existing treatment works similat 


number of pumping stations, most 
which are t be eliminated \ssou 
ated with the problem of integrating 
this network into a single svstem, 1s 
the stipulation that the completed in 
tercepting sewer must be sufficiently 


Watertight to prevent the escape o 


polluter vaters into the subsurtace 
Wile! strata which constitutes the 
at vatet supply for the same 


tributary area. The rigid adherence t 
jluirement certainly ealls for a 
high degree of engineering skill 
Considering the capacity of the u 
tercepting sewer, if is interesting to 


note that the allowance of 6 times the 


of 40 ged. (Imp.) ts equiva 


lent to S.), or about 3 
times a DWE. of 100 On tl 
basis of this comparison, the Col 


Valley sewer is similar to a number 


itercepting sewers constructed in this 


The treatment works has many inte! 


sting features, some of which closely 
arailel designs in this country, but 
thers of which constitute a decided 
epartul Pron irrent practice It 
sugvested that some of these itures 
<amined in some detail as an 
trat of the methods used in sol 
! probien mot 
intr 
hy mip requirement SO t 
seems to the vriter s that the treat 
ment plant, handling up to 6 D.W-.FE 
witl ut f benetit of Aan hy 
not ft naree in flhent ha 
i BOLD. al 20 r suspended 
is pope Mor r. the 
effluent must pass the test for putres 
bility \ means that pie 
incubated tf room temperatur shall 
st \ ! SCOLOT 
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on or odor Considering the fact 
that the dry weather flow of raw sew 
ave will probably contain around 400 
ppm. BOD, a 95 per cent removal 
s necessary to comply with the require 
ent. From personal observations, it 
appears that operators of plants in 
England and Scotland accept this re 
lirement as to quality of effluent vers 
seriously, and, moreover, endeavor to 
be always on the safe side by main- 
taining an average well-nitrified efflu- 
nt of around 10 p.p.m. B.O.D. This 
attitude towards an established stand 
ard seems remarkable in that no one 
seems to question it or try to evade it 
if their works are physically capable 
of obtaining it. Furthermore, the pen 
alty for evasion usually is nothing 
more severe than a reprimand from the 


River authorities, whieh is usually 


clent The law is there and it is 
fine example of wholesome 


speet h Hny would do 


The maintenance of high 
standard at all times usually makes it 
necessary to provide standby units or 
spare equipment so that anv element 
f{ the plant mav be removed from 


ervice without mterference with rou 


tine operation. Such requirement 
should add appreciably not only to the 
nitial cost of works. but also to the 
st of maintenance Hlowever, where 


anv failure might result in contamina 


thon of water s ipply such mmsturance 
s probably amply justified 
Considering the major plant ele 


ments, the grit chamber and comminu 


or arrangement is similar to designs 
n this country, although it is believed 
that this installation of the latter con 
stitutes the first of any size in Eng 
land It will be interesting to observe 


nee of this example on future 


The primar sedimentation tanks 
provide 7'\4-hr. detention based on drv 
weather flow, which is, of course, con- 


iderably greater than anything pro- 
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vided in this country. In addition, 
another 6-hr. detention is provided for 
storm-water treatment, making a 
total of 1314-hr. detention based on the 
dry weather flow. However, the ae- 
tual volume of tankage provided for 
primary sedimentation would equal 
a detention capacity of only 3.6. hr. 
based on a flow of 100 wed. (U.S.) 
that for the storm tanks would 
equal an additional 2.9 hr., assuming 
Thus, 
tankage volume as such is within lim- 


and 
all tanks in service at one time 


its of practice here. 

This comparison obviously does not 
apply to removals to be obtained in 
the longer detentions, but, with sew- 
age having an initial concentration of 
about twice the average American sew- 
aye, the longer detention may well be 
justified if comparable primary efflu- 
obtained. It should 
also be noted that practice in England 
requires maximum removal of organic 
load 
whereas in the U. 


ents are to be 


treatment, 
S. there is a divery- 


ahead of biologie 
ence of opinion as to what degree of 
removal is best. 

The Mieder-type 
mechanisms 
tangular primary tanks 
cally from current U.S. 
sturdy construction 
minimum of 


removal 
the ree- 
differ racli- 
Their 
requires only a 
and their 
traction drives are not exposed to the 
conditions experienced 
The additional labor 
operating this type of 
including the transfer 
from tank to tank, is apparently justi- 
fied by 
creasing labor costs in England might 
the future, 
justify greater initial capital expendi- 
tures on equipment, thus more nearly 
paralleling practice in this country. 
The design of the aeration tanks is 
also of particular interest, in that it 
differs materially 
American 


sludge 
being used in 
types 
maintenance 
ice and snow 
in this country. 
involved in 
mechanism, 


local conditions. Possibly in- 


now, or in foreseeable 


practice in 
plants. In this 
virtually all plants emploving air dif 


from 
country 


fusion are designed to use the: spiral 
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flow principle as first developed in 
Manchester, England. Strangely, the 
current practice in England is to avoid 
the spiral flow and instead to use the 
longitudinal ridge and furrow system. 
As mentioned by Mr. Brown, tests of 
both types at the Mogden plant have 
proven the ridge and furrow design to 
be slightly superior in some respects 
and most of the recent designs have 
adopted it 

The use of the ridge and furrow de 
sign requires an entirely different ar 
rangement of diffusers than is common 
in this country. Current English 
practice ealls for a large number of 
small diffusers, which, as a result, lend 
themselves to removal and 
maintenance. 

One outstanding variation from prac- 
tice here is the volume of sludge re- 
turned to the aeration tanks. Here, it 
is customary to provide for a return 
averaging around 25 per cent and a 
maximum of 50 per cent of the flow. 
In the Colne Valley design, provision is 
made for the normal return of 65 per 
cent, with a maximum up to 150 per 
cent of the dry weather flow. Quanti- 
tatively, this represents a wide differ- 
ence, but it is also interesting to observe 
that on a per capita basis the two are 
very close together. A 25 per cent re 
turn on a per capita flow of 100 g.p.d 
(U. 8S.) equals 25 gal. (U.S.), whereas 


ease of 


65 per cent return on a per capita flow 
of 40 g.p.d. (Imp.) equals 31 


gal. 


(U. S.). Of eourse, the English de- 
signs always include provision for re- 
aeration of sludge, a feature seldom 


found in American plants because ex- 
perience thus far has shown no particu 
lar advantage It also be 
again emphasized that in England a 
well-nitrified effluent is usually  de- 
sired, which obviously requires varia 
tion in procedure. 


should 


The final settling tanks at Colne 
Valley follow the long-established 
English practice of upward flow de 
sign using relatively small diameter 


tanks. Just what advantages are ob- 
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tained from this particular custom 1s 
not understood In this country such 
designs would be quite costly in com 
parison with current practice 

In the digestion process, a decided 
departure from U. S. practice is also 
noted A capacity of only 0.9 eu. ft 
per capita 1s provided, which is con 
siderably below current allowances 
here even though digestion of raw 
sludge only is contemplated How 
ever, from a comparison of actual pra 
tice in sludge digestion in the two coun 
tries, this rather limited capacity takes 
In the first pla *€ 
in the representative English plants 


on a different aspect 
sludge 1s not stored in active digestion 
tanks for weeks or months, as is con 
mou in this country, but the requisite 
amount of digested material is wit 

drawn daily and placed either on 
sludge beds, in lagoons, or im large 
apacity holding tanks Secondly 
current practice there does not per 
mit digestion to proceed is far as it 
usually does in this country. Here, it 
s usuall considered desirable to di 
gest upwards of 60 to 65 per cent of 
the initial volatile matter. therebv ob 
‘ining maximum gas vield and prae 
tleal elimination of odors in the di 
ested sludge. In England, it is not 
uncommon to note from reports that 
sludge is discharged with no more than 
> to 45 per cent of the volatile mat 
ter digested, with consequent lower 


vas production and likelihood of the 


hu being more odorous 

These two factors combined do pe 
mit nsiderable reduction in diges 
tor apacity ilthonueh obviously a 
la rel vol ime of dig sted sludiue must 
be } inal 1 W he ré sludve is Tr turned 
to the soil and where odors from par 


tially digested sludge are not objec 


tionable, this inerease in volume is 
often desirable Hlowever. this method 
f operation seems to necessitate closet 
a ly ntrol t i! mstomat here 
lt the t} i \ 
nsteac b lawoor r storage 
tanks filters w illed 
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upon to take the daily load, so it will 
be interesting to observe the effect of 
these differences 

Two other features deserve special 
comment, one of these being plant in- 
strumentation It appears that in 
England, instrumentation has _§at- 
tained a high degree of perfection as 
regards quality, utility, and dependa- 
bility, and the Colne Valley project 
constitutes an exeellent example. 
These qualities are certainly most es- 
sential in a sewage treatment plant; 
it is an example which this country can 
surely afford to follow 

The other feature deserving com- 
ment is the dual-fuel engine installa- 
tion. This type of engine, first devel- 
oped in 1937 in England, seems to be 
accepted there for all gas engine in- 
stallations and the one at Colne Valley 
is of the most modern design. It is 
the logical type for plants which desire 
to obtain maximum power output 
when using digester gas as a fuel, as 
it virtually assures independence from 
outside power sources, with costly 
standby charges 

The operation of the vaenum filters 
and final sludge disposal, either by 
drving alone or with incineration, will 
certainly be watched with interest by 
other British operators, as it is believed 
this constitutes the first installation 
of this type. In England, inciden- 
tally, the usual chemical sludge condi 
tioners are either not available or very 
expensive. In this eountryv, fortu 
nately, an ample supplv of ferric 
chloride is usually available so that 
one of their problems is non-existent 
here 

Many other interesting comparisons 
will be noted in Mr. Brown’s paper 
The paper as a whole does demonstrate 
an important principle; namely, that 


a knowledge of the technical experi- 


ence of England, when combined with 
that of America, is certain to broaden 
the skill of both countries and, eventu 
allv, it will result in better and more 


efficient plants for all 
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TRAINING SEWAGE WORKS OPERATORS IN THE 
UNITED STATES * 


By WILLIAM 


Associate Professor, Public 


Health Enginee 


1948 Training Program 


A brief review of short course train- 
ing programs offered in the United 
States in 1947 was made by the writer 
as a part of the Engineering Section 
Project of the American Publie Health 
Association. The information obtained 
that it seemed desirable to 
make a study of training programs on 
the basis of more complete and de- 
tailed information for the year 1948. 

After discussions, it was agreed that 
the Federation of Sewage Works As- 
sociations and the Engineering Section 
Project would cooperate in the gather- 
ing of 1948 data through a question- 
naire form in which it was proposed to 
obtain information on the following 


was such 


a Type of course given in 1948, to 
vether with the length of instruction 
period. 

2. Number of type 
course was given during the vear 


» 


3. The sponsorship and support of 


times each of 


short course training 
4. The 
were held. 
5. The 
training program 
6. The method of holding 
courses, either separately or in combi 


location where such courses 


frequeney of the planned 


short 


nation with other training 
7. The and kinds of 
sonnel trained during 1948, 


numbers per 


The status of state requirements 
for certification or lieensure 

9 The practice of allowing credit 
for short course training as a qualifi 
cation for certification or licensure 


nted at 22nd inual Meeting, 


Works Associations: 
20, 1949 


Fed 
Ros 


ome 


rin 


T. INGRAM 


a, New York Unive New York, N. Y. 


rsity, 
10. The year when the several types 
of short first 
started. 
11. The 
trainee. 
12. Details of the course offered. 

13. Pertinent information concerning 
the names of sponsoring agencies, uni- 


course training were 


of enrollment the 


cost 


to 


versities, course directors, and the con- 
duct of the training program. 

The 
state sanitary 
to the 
enyineers 


the 
engineer of each state, 
health department 
Alaska and Hawaii, and 
to the district health department engi 
neer in the Distriet of Columbia. It 
was assumed that these engineers 
would have the necessary data in their 
own files or would obtain the data from 
cooperating sponsors. 


questionnaire was sent to 
territorial 
in 


Responses to the questionnaire were 
received from 50 of the 51 addressees 
Several respondents made no attempt 
to fill in the questionnaire, although 
the return letter offered information 
requested by the questionnaire, mak- 
ing it necessary to interpret the letter 
reply in terms of the questionnaire 
In instances, where no 
course was offered in 1948, the ques 
tionnaire was returned without infor 
supplementing — that fact 
Thus, positive information concerning 
the of first 


and status 


item nine 


mation 


dates training programs 
the of requirements for 
certification is lacking for some states 
returns from states 
offered which 
answered that 


There were a few 


where training was mn 


every question was sO 


inferpretation Was Unnecessars 


In all, 26 states reported short course 


training programs of some character 
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TABLE I. -Summary of Short Course Training Programs Offered in the 


its Territories, and District of Columbia During 1948 


mber by Type 


June, 1950 


United States, 


State Loca Univ. Ext 
a 
y eld 
type of hool 1s 
Range Shr. da 10 ] 3 
State ilth dept ") ] 
Local health dept () 0 
Sewage rg 7 0 
| ewage lept ; ) | 0 
Cot hye 3 0 
0 ] ( 0 
(othe t 0 
it 
\ i IS 2 
nnua 0 0 0 
Continuous itine t 0 0 0 0 
0 ] 0 
tate el tra 
e state reported 180 sessions requiring 22 days; not included in total 
ides mumecipal leagues, state or mut ipal publi school boards, city governments, ets 
tate on biennial basis gave course in 1947 and in 1949; data not included in totals 
ools are referred to according 1; 2 davs, 2; 2% days, 1; 3 days, 3; 4 
\ school of one type may be days, 2; 5 days, 5; and 10 days, 1 
d more than once per year, and Thus, the preponderance of state-wide 
eetings have been interpreted schools is of o-day or less duration 
ns of the one type of school The regional schools are usually 2 days 
ne regional-type school may or less, the distribution being: 1 day, 
ween held in three places during }; 2 days, }: 4 davs, 1; 6 days, 1: and 
ir as three sessions of one re 15 day s. ] Actually the 15 day school 
ype school is one which extends over a long period 
of time. Classes at this school are 
I " held at Niagara University, New York, 
immary of the traimimg prograt each Saturday morning for 50 weeks 
! ! | | 
ven } Sponsorship and reque new 
The Rocky Mountain states Every state-wide and state regional 
1 ’ New Mi Xico an | Wi § hool riven had the sponsorship of a 
mb their efforts it state health department. Of the state- 
Denver University each wide schools, one was conducted alone, 
raion tin of tl state the sponsorship of two was shared with 
ranges from 1 to 10 davs. the a university, and the balance were 
t bh as follows 1 day sponsored jointly with three or more 
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groups. Regional school sponsorship 
was shared in one instance with a sew- 
age works organization, in another 
with a university, and the balance 
were jointly sponsored by three or 
more groups. 

The majority of all training schools 
was held on a university or college 
campus, and one regional training 
school was held at a public school. 
Otherwise, the short courses took place 
on state or municipal premises 

All state-wide schools are conducted 
on an annual basis, whereas the re- 
gional schools are of variable fre- 
quency. Oklahoma uses a quarterly 
system for its regional schools; Wis- 
consin and New York use a biennial 
system; Florida, Indiana, and Michi 
gan use an intermittent system, sched- 
uling schools as may be needed. Vir- 
ginia has had one school only in recent 
years. 

The one localized school reported is 
carried on at Los Angeles, Calif. The 
characteristies of that school have been 
reported see Sewage Works Journal, 
21, 1, 128; Jan., 1949). 


Separate vs. Combined 


There has been some interest in 
the pros and cons of separate versus 
combined short course training schools. 
In sparsely settled areas and in places 
where the water works men and sew- 
age works operators are frequently on 
one staff, it is more feasible to hold 
combined schools. The returns from 
the questionnaire indicated that there 


state. Wide 


()perators HS] 
Superintendents 262 
Public Health Personne! 138 
Others 94 


Total! 1,235 


Regional 


' Includes unsegregated totals of reported attendance at two courses 
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were at least 7 state schools, 6 regional 
schools, and 1 localized school held 
solely for training in sewage works 
operation and maintenance. On the 
other hand, 13 state and 3 regional 
schools offered combined water and 
sewage works training. Considering 
the geographical location of these 
schools, it appears that the North Cen- 
tral, Southwest, and Mountain states 
prefer combined schools; 4 of 6 South- 
ern states prefer combined schools, the 
Central states are nearly evenly di- 
vided, and the East and West hold 
schools uniformly on a separate basis. 

The tabulation of the distribution 
between separate and combined schools 


on a geographical basis is as follows: 


\rea Total Separate Combined 
astern 5 5 | 0 
Southern 6 2 | 4 
Central 5 3 | 2 
North Central 2 0 2 
Rocky Mountain 1 0 4 
West Coast 2 2 0 
Southwest 2 0 2 


Enrollment 


The returns on school enrollment 
were not complete enough to be satis- 
factory. A breakdown by types of 
personnel attending was obtained from 
17 states, representing 15. state-wide 
courses, 6 regional courses, and one 
university extension correspondence 
course. The data indicate that the 
following numbers received training: 


All Types 


343 NR 62 1,086 + 
131 NR 0 3034 
6S NR 0 206 + 
133 NR 0 227+ 


703 NR 62 2,000 + 
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Of the 41] states giving a positive 
answer on the status of certification 
and licensing, 25 have no provision of 
any kind, 11 have voluntary certifica 
tion or approval, and 4 have manda 
tory certification, licensing, or ap 
proval by statute enforced by the 
state health department. The latter 
states are Connecticut, New Jersey 
New York, and Texas. Those acting 
on a voluntary basis include Cali 
fornia Florida Georgia, Illinois 
Louisiana, Michigan, North Dakota 
(hio, Oklahoma, South Carolina, and 
ginia Approval or certifica 
tion in these states is granted by the 
state sewage works organization in 
four states (California, Georgia, Loui 
siana, and North Dakota), the State 
Health Department or State Board of 
Health in five states Florida, Ohio 
Oklahoma, South Carolina, and West 
Virginia and the State Department 
of Puble Health and the Sanitary 


Water Board in one (Illinois 
('ertification redit 


pinion seems to be divided on the 
point of crediting short school train 
ing toward certification qualification 
In the case of the 20 states replying 
to this question, state-wide schoo! 
training is credited by & and not ac 
cepted by 9. Regional school training 
ounts in 4 and is not counted in ; 
states. Oklahoma allows credit for 
localized schools, but Iowa doesn’t 
Michigan accepts university extension 


tramning 


States reporting having had a state 
de short course at some time num 
bered 23 Kansas, New Jersey, 


Oklahoma, and Texas each held thei 
urses in the 1920's, Oklahoma 
seemingly holding first honors with a 
record of a course given in 1921 
Georgia, Louisiana, Minnesota, Mon 
tana, New York, Pennsvivania, an 


Wisconsit bevan state wide COUTSES 
the 1930's Coloracd New Mexic 
d li begat their State-spor 


red school in 1941, and were followed 


1950 


by Alabama, Connecticut, Florida, 
Nebraska, Ohio, and South Carolina. 
Idaho, Missouri, and New Hampshire 
report that no state-wide short schools 
have ever been held. 

Starting with Oklahoma in 1925, 
nine states have reported regional 
schools. New York began this type of 
school in 1939, and the balance were 
started in the 1940’s in Florida, Indi 
ana, lowa, Michigan, Pennsylvania, 
Washington, and Wisconsin Idaho, 
Missouri, and New Hampshire re- 
ported that no short school of any type 
has been held, although Missouri 
plans to provide extension training for 
sewage works operators some time in 
the near future 


Costs to Trainees 


Enrollment costs to the trainee were 
reported by 19 of the 20 states spon- 
soring 1948 state-wide schools, by 8 of 
4 states sponsoring state regional 
schools, and for the university exten 
sion course given in Iowa. Distribu- 
tion of the enrollment fee, which 
ranges up to $15 for state-wide schools, 
and up to $50 for regional schools, 
s shown in the following tabulation 


Number by Type of School 


Coat to 
Trainee 
State 
State-W ie Resiona 
0 
] 
9 - 
4 
3 4 
5 2 
6 
7 l 
] 
10 | 
15 


One full course of 12 lessons at $0.50 per 


esson 


The localized training program at 
los Anyeles, California, is on-the-job 
training for which time is allowed. 
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A check has been made on the status 
of training in 1948 as compared to that 
reported in 1947. Of 38 states report- 
ing in 1947, only 12 offered short 
course training; but of the same 38 
states, 21 offered training in 1948, 10 
offered training in both years, 2 in 
1947 only, 11 in 1948 only, and 15 in 
neither year. 

As for the 1949 plans, 25 states plan 
to continue annual courses. Missis- 
sippi expects to begin short course 
training in the ‘‘near future.’’ North 
Dakota and Wisconsin have held 
courses in 1949. South Dakota plans 
training for 1950 and West Virginia 
will start at the ‘‘earliest possible 
time.’’ Missouri has held extension 
course training for water works opera- 
tors in the past and hopes to establish 
the same kind of training for sewage 
works operators within the next two 


years 


Course Content 


The respondents to the 1948 ques- 
tionnaire furnished information which 
has been used to analyze the subject 
matter presented in 21 training school 
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programs offered by 21 states. Course 
content has been interpreted and con- 
solidated. It was not always clear 
from the lecture title just how much a 
given topic was discussed; therefore, 
it is conceivable that the writer is 
guilty of both omission and commission 
in erediting to the school certain topi- 
cal material. Some of the outlines sub- 
mitted were for 1949 schools held early 
in the year, so the present discussion 
should not be misconstrued as 1948 
training exclusively. It must be said, 
however, that the outlines were sub- 
mitted as a representation of 1948 
training. 

In the summary no attempt has been 
made to differentiate between the in- 
tensity of treatment of subject matter 
offered in any of the types of schools 
held. Such differentiations will be 
analyzed in some detail in later dis- 
cussion. Programs of 16 state-wide 
type schools, 4 regional-type schools, 
and one local-type school have been 
summarized by subject matter in 
Table IT. 

The amazing feature of the summary 
is the vast array of particular topics 


TABLE Il. Summary of Content in 21 Training Program Outlines of Current (1948) 


Number 
Subject Matter Offering 
1 Arithmetic 
2. Hydraulics 4 
Sewage characteristics (gen 7 
4. Sewage works vocabulary 4 
5. Se bacteriol 7 
6. Se chemistry 
7 biolog 
8. Se 1 
9. La st pract i4 
10. Sewage purif., treat.: theory and prin 7 
|. Sewage treat., proc. and methods (gen 7 
2 roc., oper., maint. (gen 7 
13 Screens, grit chambers, etc 
Sedimentation units 
1 Imhoff tanks 7 
Activated sludge plant« 
17 Septic tanks 2 
Triekling, high-rate filters 10 
iv lreatment< Contact beds 4 
Sand filters 2 
21 | Land disp. beds or land irrig 3 
29 | Chemical foeculation 2 
23 Chlorination 
24 Odor control 1 
25 Incineration ! 
26.) Sludge dig., disp. prot i4 
27 Design of «ystems or plants 7 
28 System or plant (gen ‘ 
( t tion< Plants 


Sewage Works Short Courses in the United States 


Number 
Subject Matter Offering 

$1.) { Maintenance 7 
32. >Sewer system < Repair 1 
33 Mosquito breeding 1 
44 Ope r., maint. and rep. (gen.) 

35 Pumping problems ” 
36 | Eq pment, electrical 5 
37 Equipment, mechanical 2 
38. >Piant~ Metering, measurement 

34 Plumb., cross-conn., ete 
40 | Housekeeping 2 
41. | Devices and gadgets 
42 Prot. and safety meas $ 
43. Industrial waste treatment 5 
44 Stream sanit. (gen “ 
45, Dtream poll. Deg. of treatment 
4. State requirements and programe a) 
47. Statue of treatment (gen 2 
48. Operator responsibilities 
49. Training and qual. of operators 7 
Wealth significance, disease 
51. Planning and admin. for sewage works ‘ 
$2. Ordinances 3 
53 General 1 
A. > Financ ings Rates | 2 
55 Treatment costs (gen | ! 
Sewage works records & 
57. Operators’ discussion of problems il 
5&8. Demonstration and field inspection 6 
5%. Films 
Public relations 
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that have been offered. No less than 
60 topics are listed, and even thes 


represent a condensation of topics ha) 


For 
made to 


ntial 


simularit instance, no at 


tempt subdivide thie 


several LisCcUSSIONS arising 


out of the handling of sludwe divestion 


ana disposal problems, or the mar 


subjeet of 


varied approaches to the 


laboratory tests, testing 


proces ures 


and practice It is not 
of the 


ject matter 1s 


surprising, in 
that no 


view variation one sub 


common to every tram 
The 


ceive treatment in oO per cent or more 


ing program subjects which re 


of the progr include laboratory 


digestion or dis 
trickling 


esting, sludge posal 
se 


chemistry 
filters 


proble 1s 


7 high-rate chlorination 


ana 


and operators” discussions 


The pies discussed to off per 
ent of the programs include arit! 


characteristics 


metic: general sewage 

Se WAU bacteriology theory or 
principles of sewage purification and 
treatment; general aspects of sewage 
treatment processes and methods; gen 
ral aspects of operation and maint: 
nance of sewage treatment processes 
problems related to primary 
treatment neluding sereens, grit 
hambers, erease removal, sedimenta 
tion units, and Imhoff tanks; general 


ussions of plant design: sewer Svs 


tem maintenance; pumping problems 


stream pollution problems operator 
responsibilities; training and = qualifi 
thorns f operators records and 
ecord keeping; field inspection trips; 
nd films about sewage works opera 
tion and stream sanitation 
The balance of the subject matter 
poracically m from 1 te 
proyrar t was a distinet shock te 
find that tl training opportunit WAS 
eldom used to diseuss such important 
topies as publ relations. health s 
stat wire! nts strinl 
treatment, and hydraulics, All of 
thes toy nm tram. 
tributin Sut ssful peration ane 
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maintenance of sewage works and can 


be no less taken for granted than lab- 
record keeping, or 
these lat 
better undertaken if the 
background of 
explana 


training in 


ratory testing, 


sewage chemistry In fact 


ter might be 
had a sound 


yperator 
the former 
tion of the lack of 
the underemphasized 
that established 
presented the subjects before, and will 


probable 
current 
Topics could be 
long programs have 
again as operators attend a new series 


of schools: and that newly established 


training will offer such topies early in 


future programs 


Wide 


State Ncechools 


Oklahoma and Texas 
programs 


1948 


Inasmuch as 
offered training 
1920's, their 


have since 


the early programs 


are examined in more detail. The 
Oklahoma state-wide school held 
ointly for water and sewage works 
men. It is sponsored by the Okla 
homa Agricultural & Mechanical Col 


} 


ege in 
Water and 

the 
Division of the 


Okla 
Works Con 
Industrial 


cooperation with the 


homa Sewaut 


ference Trade and 


State Department ot 
the Oklahoma State Health 
the Southwest 
Water Works 
The program is held annually 
staff 


Education, 
Department, and 
tion, American 
elation 
The eomprised 
of staff members of Oklahoma A. & 
M. College. the State Health Depart 


Oklahoma 


short course was | 


ments of and Texas. water 


lepartment superintendents, consult 


ing engineers, State and U. S. Geo 
logical Survey representatives and 
representatives of other colleges 


Equipment manufacturers supplied 


demonstration material 
Instruction was offered to the sew 
age works men under the general cap 
‘*Water and Sewage Works Oper 
and certificates were presented 


on who attended all of the 


tion 
ation 


enen 


pers 
rroup sessions held during a 5-day 
period, Monday through Friday The 
program itself was quite obviously di 
rected to the multiple interests of the 


- 
| 
pane 
: 
1 
d 
: 
3 
; 
mle 
4 


the 22 


directed at the problems of 


men; of discussions held only 
7 were 

Ten might be termed 
interest to the 
works man, and certainly were of in- 
terest and value to the man who might 
both water and 
The balance were ex- 


works. 
of corollary 


seware 


sewaue 


be responsible for 
works. 
clusively for water works men 

The Texas program is the outgrowth 
of 30 years of short course training 
Water works schools be- 
1920, but sewage works 
schools were not included until 1926. 
The combined ‘‘Water and Sewerage 
Short School’’ is held at Texas Agri- 
cultural & Mechanical College  an- 
nually as a cooperative effort of the 
Texas State Board of Health, the 
Southwest Section, AWWA, the State 
Board for Vocational Education, and 
the The 


seware 


experience. 


van before 


college. program com- 
posed of general and sectional meet- 
ings. The sewage works section has 
sessions known as ‘‘Grade C,’’ and 


**Grade Band A."’ 
eral 


In 1948, one gen- 
held at which all 
water and sewage works men attended. 
The Grade C men attended 16 sepa- 
rate lectures; the Grade A and B men 
attended 15 separate lectures; then all 
vrades met for three leetures. Sub- 
matter of every was di- 
rected toward sewage works problems 
Much of the subject matter appears 
common to both the C Group and the 


session Was 


ject session 


A and B Group sessions, but appar- 
ently the same material receives more 
intensive treatment the latter 
Kor example, the first group 
discusses Filter Operating Problems 
while the latter takes 
up ‘‘Trickling Filter Loading’’ and 
‘*Application and Limitations of Sew- 
Filters.’’ The the 
Texas school shows every evidence of 


before 
vroup 


and Correction,’’ 


age instruction in 
long planning and elicits the coopera- 
tion of recognized specialists both in 
the state and elsewhere, from state and 
local health departments, plants, in- 
dustry, colleges and universities, con- 


sulting engineering firms and others. 
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State-wide schools range in compre- 
hensive coverage of subject matter and 
difficult to say that any 
method of presentation is superior to 
any other; however, it does seem that 
the duration offer a 
more substantial training than do the 
length. Ohio's 
short course (first held in 
1948) offers that operators 
do get some worthwhile training from 
Of the 39 plant opera- 
tors registered for the course, 35 took 
the examination and 60 per cent of 
these received a grade above 70 per 
cent. The keynote of Ohio's in- 
struction was the ‘‘how’” rather than 
the involved theoretical ‘‘why.’’ The 
course was presented in three divisions 
—problems, processes, and chemistry 
and analysis. 


it is one 


schools of some 
shorter 
training 
evidence 


schools of 


such courses. 


Regqional-Type Schools 


The regional-type schools appear to 
have a much wider variation of treat- 
ment than do the state schools. The 
impression has been gained, perhaps 
that certain of the re- 
gional schools are little more than con 
ferences, and that such schools should 
not be short 
Hlowever, there are some excellent ex 
amples of well-planned and executed 
regional training programs. Niagara 
University (New York) offers an in- 
training in fundamentals. 
Chemistry, arithmetic, vocabulary, 
chemicals and their properties and ap- 


erroneously, 


classified as courses 


tensive 


plication, physics, elements of organic 
chemistry, composition of sewage, sew- 
age treatment processes, hydraulics, 
the nitrogen evele, biology, bacteriol- 
and disinfection, all receive at- 
tention in the course of 30 periods held 
on successive Saturday 
This Grade II] operators 
has been carefully arranged with the 
approval of the state department of 
health. The training is accepted for 
credit toward state qualification as an 
operator. 

The Indiana 


ory 


mornings 
course for 


State Health Depart- 


Vol. 22, No. 6 

3 

a 

3 

| 

q 

4 

‘ 

4: 

E 

| 

4 

dpe 

|. 

3 

» 

| | 

Be. 

_— 

| 

| 


748 SEWAGE 


ment and Purdue University aba: 


doned a l-week course held at the un 
versity in favor of a regional 


held needed | 


day a week over a 6-week period. Ma 


course 


to be when and where 


terial for each dav’s session >» le 


tures 


is prepared in outline form and 


trainees have a copy to take back with 


reference and further studs 
Imhoff 
deseription 


them for 


kor lecture on 


example, the 


tank operation discusses 


of tank, operation, why the operation 
procedures are necessary, and tests for 


determining efficiency of operation 
Certainly this type of training is use 
ful and better 


conducive to a under 


standing of sewage works operation 
Oklahoma are 


In the 


Regional schools in 
established on a quarterly basis; 
course of 4 one-day meetings in each 
of the State districts, the subject mat 
ter of one is repeated in all of the dis 
tricts There seems to be a tendency 
in these regional meetings toward the 
‘conference type of meeting rather than 
short course training 

Sample material illustrative of the 
such as is held 
Oklahoma, and Michi 
Oklahoma and 


work of the 


extension work 


course 
in lowa, Texas 
van was not supplied. 
l'exas take the lecture or 
‘ourse to the operator by means of 


itinerant instruction. Towa makes 
‘ourses available in the form of lessons 
which the 
was held at Towa State College in 1948 


ssor W. E 
Health 


trainee studies. A meeting 


it which Profe 


Galligan and 
Department 


eng! 


neers lectured on the several lessons 
en in the extension correspondence 

eourse 

Local Nel ls 


The only current example of 


training course available to the writer 
is that conducted by the Los Angeles 
City Department of Publie Works 
As this uirse has been previously 
discussed, there is no need to pursue it 


further here 


Ten vears avo the writer carried on 


a localized training program in Sar 


AND INDI 
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Joaquin County, Calif. The training 
‘ourse consisted of sessions of 2 hours. 


for 6 


was devoted en- 


each given one evening a week 
weeks it 
to fundamentals of sewage treat 

There that 
instruction so given has had 


both for the operator 


successive 
ment Is no question but 
the basic 
lasting benetits, 
communities in which the 
Spe 


and for the 


treatment plants were located 


ifieally, better plant operation, im- 
proved public relations, increased 
compliance with state and local re 


understanding of 
problem 
On-the-job and 


quirements, and an 
the other 
that 


localized 


fellow’s evolved 


trom training 


training deserves far more 
attention from health and publie works 
departments than it is now receiving 
A certain 


by the 


1 move in this field is indicated 
effort of several state engineers 
plant with the 


operators during extended plant visits 


to diseuss 


problems 


Conclusions 

The liberty 
tain conclusions from a study of short 
United 


is taken of drawing cer 


training in the States, 


ourse 


as follows: 


1. Training facilities have improved 
1947, but still do 
need for short 


yver those offered in 
not satisfy the course 
training in the United States 

2. Those state-wide 
outlines examined 


training course 


in detail exhibit an 
unusual subject 


variety of matter 


indicative of a wide range of view 
points as to what may be important in 
sewage works design, construction, 
operation, and maintenance, but on the 
whole are constructive and valuable to 
the trainee. 

3. Insufficient attention is focused 
n training course content on the im 
ortant factors of publie relations, re 
lationship of sewerage and sewage 


health 
indus- 


treatment to the promotion of 
and the 
trial 


of disease, 


prevention 
and state re- 


treatment and 


waste treatment, 


inirements for efficient 


peration 


Be 
: 
| 
| 
4 
| 
| re 
:| 
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4. Regional-type schools are well de- 
veloped in a few states, but could stand 
review and additional planning in 
others. 

®. There is not enough evidence to 
indicate that localized schools are be- 
ing developed as they should be. If 
they are, state health departments 
should have knowledge of them. 

§. Extension courses appear to have 
real value in the few states where they 
have been offered. 

7. Whenever water and sewage 
works schools are held jointly, as a 
matter of expediency, a special effort 
should be made to schedule sewage 
works sessions separately for those 
whose primary training is to be in the 
sewage works field. 

8. The policy of allowing credit 
toward operator qualification for cer- 
tification or licensure should receive 
further study, with a view toward the 
achievement of uniform requirements 
for such certification and the establish- 
ment of standards of short course work 
reciprocal among the several states. 

%. The policy of mandatory state li- 
censure or certification merits detailed 
study. In 4 states, certification, ap- 
proval, or licensure of operators is now 
mandatory; in 11 others, voluntary. 

10. The practice of cooperative spon- 
sorship of schools by departments of 
health, universities, sewage works or- 
ganizations, municipal and state gov- 
ernmental agencies, and public officials 
organizations is laudible, and should 
be continued and expanded wherever 
possible. 

11. State health departments are 
justified in allocating staff time to the 
promulgation of training programs to 
meet state needs by such evidence as 
the number of sewage works personnel 
trained presently, by the evidence of 
increased national interest in clean 
streams, and by the indication of in- 
creased operator proficiency shown in 
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statements covering the value of 1945 
training programs in the several 
states. 


Summary 


Information concerning sewage 
works short course training in the 
United States has been compiled and 
analyzed. The information was ob- 
tained by questionnaires sent to all 
state sanitary engineers. The analysis 
is presented in two parts—1948 train- 
ing program and course content. 

Short course training in 1948 was 
reported by 26 states. Training for 
more than 2,000 persons was provided 
by 18 state-wide schools, 9 regional- 
type schools, state localized-type 
school, and 1 university extension cor- 
respondence course. Four states have 
mandatory certification and 11 others 
offer voluntary certification. Both 
state-wide and regional-type schools 
were established in the 1920's, but 3 
states have never had short course 
training programs. Training was 
planned in 1949 by 25 states. 

Course content deals with subject 
matter under 60 topical headings with 
major emphasis on laboratory tech- 
niques, chemistry, sludge digestion and 
(lisposal problems, filters, chlorination, 
and operators’ discussions. Laeking in 
emphasis are such topics as publie re- 
lations, relation of sewage to health 
and disease transmission, state require- 
ments, and industrial waste treatment. 
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It is impossible to present a true dis 


pape Se 


vontroversial in 


Ingram 's 


cussion of Protessor 


nasmuch as it is non 


however, an exceedingly 


facts 


nature It is 


well-prepared consolidation of 


settin forth achievements at 
tamed to date by way of traiming the 
yperator, Under **Conclusions,’’ Pr 
essor Ingram does offer an oppor 
tunit or one to assume an opposite 


point of view, but to do so would be an 


error, aS lus items of deficiencies and 


attainments are logical 


inudable 


l'o those who have not experienced 


the difficulties of training operators, 
the statistics may appear such that 
they can be looked at with pride In 


nsidering, however, that almost thre 


passed since conception 


first operator s training ce 


Nurse, 


at there are presently several thou 


sand sewage treatment plants in the 
United States, and that the entire 
ountry is now in the midst of a clean 
streams program the fact must be 


has been merely 
atched in providing means for train 
that 
rs in the field have expended mucl 


the fa many lead 


fort toward traimin the operator 
niform ! rte florts have beer 
Increased interest must b 
thereto! n members of pre 
nial tSSOCTaTLONS and govern 
nta necies 
Professc Ingram aptly points out 
t mission of important subject mat 
} publ relations, 
Ihe subjeets will undoubt 
pin the natura Is 
vt! M mp i! 
rdinate an 
land to 31 


AND INDI 


are popula 
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lishment otf wide schools on 


basic state 
uniform plan, with grad 
ial expansion of rewional schools aug 


menting basic 


COUrses 
hat both 


ind accepted with eager 


lo show t types of school 


ness by t operator, the results of ex 
in Pennsylvania are briefly 
1945, 
under sponsorship of the Pennsylvania 
Works Association, the Penn 
Department of Llealth, 


the Sewage Works Operators of South 


riences 


reviewed in the spring ol 


sewau' 


sylvania and 


eastern Pennsylvania, in cooperation 
Philadel- 
Engineering Science and 
War 
a short course was held at the college 


Wednesdays 


secutive Weeks 


Joseph's College in 
and the 
Program, 


vrement Training 


each afternoon for 7 con 


The 


lectures and laboratory work 


Course 


comprised 


The lat 


ter originally was devised to vive each 
nrollee an opportunity to get into the 


aboratory Various tests 


and perform 
other our 


Stile h procedure 


himselt (on this ana 


t has been found that 


in laboratory work is practically im 


possible unless the froups ar rela 


small In spite of limited lab 


oratory facilities, this was a_ highly 


successful course with an enrollment 
dents, 64 of whom completed 
with an hourly at 


per 


Pennsvivania 


average 
eent 
Sewage 


Association published the con 


text of the eourse in two books, one 
mprising the lectures and the other 
he laborator procedures It mav he 


that, since publi 


nteresti t note 
ition, the Association has disposed of 
100 copies of the ‘‘Leetures”’’ and 750 
ypies of the ‘Laboratory, Guide.’ 
It S r heen laimed that the 
Guide n anv way, shape, or form 
hut ntains onl analyti 
a 


lo 
; 
| 
DISCUSSION 
: 
tee District Engineer, State De; f Health, Wilkes-Barre, Pa 
| 
<li} 
— 
In 1946 th | 
ig 
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cal procedures set up in cook-book 
style for ease of application. 

In June, 1945, under sponsorship of 
the Pennsylvania State College, the 
Pennsylvania Department of Health, 
and the Pennsylvania Sewage and In- 
dustrial Wastes Association, a state- 
wide training school was established at 
State College. It is a 5-day school, 
with two courses, C and B, offered. As 
the designation implies, the C course is 
elementary and the B intermediate. 
The school was well attended for its 
first vear, with a total enrollment of 
50. In 1949 the school was repeated, 
offering the C and B courses as well 
as an advanced course designated as 
A. Total enrollment was 53. It is 
felt that these courses were successful 
and from the reaction of the students, 
as well as instructors, there is every 
reason to believe that future courses 
will be improved. Partieular empha- 
sis is placed on the fact that in Penn- 
svivania the aim is to offer traming 
for sewage plant operators as such 
and to carefully avoid creating the 
impression that successful completion 
of courses would change a sewaye 
plant operator into a chemist or sant- 
tary engineer. 

The Sewage Works Operators of 
Southeastern Pennsylvania have for a 
number of vears held 1-day regional 
meetings. Recently, they have changed 
from the inspection-type meeting, to 
which Professor Ingram refers as 
‘conference,”’ and are periodically 
conducting short course schools that 
combine the desirable features of in- 
spection and academic study through 
which individuals in small groups may 
have an opportunity of developing 
laboratory technique. The activities 
of this group are comparable to re- 
vional sehools and vividly bring out 
the fact that the annual course at 
State College is not sufficient and 
although it provides basie state-wide 
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training, the need for expansion 
through regional schools is obvious. 

There are two major problems con- 
fronting us—tfirst, the conducting of 
coordinated state-wide and regional 
schools, under the same general admin 
istration, with courses which are prac- 
tical for every type of operator; see- 
ondly, the convincing of municipal 
officials of the need for operator train 
ing to the end that these ofticials re- 
quire such training and provide opera- 
tors with the necessary free time anid 
financial assistance. 

Training the operator is not as eas) 
as it may sound. In the trades there 
is opportunity for apprenticeship, but 
in sewage treatment plant operation 
such apprenticeship is not practical. 
However, on-the-job training is of 
much value. Therefore, the operator 
should not be looked upon as a trades- 
man, but rather as a trained techni- 
cian. Too often a well-designed and 
well-constructed treatment 
plant has been placed in operation and 
turned over to an inexperienced oper- 
ator, with the result that before long 


sewave 


serious difficulties arise. The plant 
becomes a forgotten unit of the mu- 
nicipality, tolerated but not appreei- 
ated, 

It is imperative that agencies such 
as the Federation, Member Associa- 
tions, State Health Departments, and 
Municipal (Officials, cooperating with 
educational institutions, give more 
time, thought, and effort to the eon 
tinuance of those training schools al 
ready begun and to their expansion 
to the end that the great need for pro- 
viding trained sewage works operators 
be met. On the whole, municipal offi- 
cials throughout the United States are 
exceedingly lax in reeognizing their 
obligations in this matter. It is our 
duty and obligation to present this 
problem and impress upon these offi 
cials their responsibility 
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GANDILLON’S COMPLETE MUNICIPAL SEWERAGE 
SYSTEM * 


1914 
based on a new principle was con 
in the 
iocated 


nt | 


& municipal sewerage sys 


ted village of St. George, 


on the Seine River, 


above Paris. This sys 
differs from conventional systems 
the 


Designed 


cleansed with 
Gandillon, 


system enables all types of wastes 


hat sewers 


are 
by Pierre 


vhich may be directly or indirectly 
harmful from the standpoint of health 
be discharged into a tight system of 


which they 


treatment 


s, fron are evacuated 


entral plant tor 


toy (,eorve 


level 


of the Gandillon system, as the 


ography of St 


ed an important role in the 
opment 
built-up section of the village 
of the 
slightly 
Under 
ot 


and suitable slope, 


Is 


the Seine River, on 


valley 


terrain higher than the 


level these conditions 


river 


the construction combined sewers 


liameter 
stations, 


necessary 


pumping 


ealized only a 


could afford 


which 


a cost 


not Various 


*‘Uniwersalna 


i by CONR 


AD 


known 
but 
until 


of 
examined, no suitable 
found that 
vested by Gandillon was considered. 


modifications sewerage sys 


‘ms wert 


solutions were sug 


Gandillon’s sewerage is a 
The 
being similar to systems found in nor- 
mal not 


Ilowever, the systen 


svstem 


separate system storm drains, 


practice, are discussed here 
for carrying do- 
mestic in detail. 
It installed other French 
ities, notably Dieppe, Rouen, Nevers, 
Fort-de Martinique), 


which had a population of 60,000, as 


wastes is described 


has been in 


and France 
well as in several smaller communities 
the 
not adapted to the removal of refuse 
but 


sively for the removal of sewage 


Originally, sewerage system was 


served exclu 


The 


and organic wastes, 


following detailed description is con- 


cerned with the latest modifieations as 
reported in 1034 


Description 


The sewerage appurtenances may be 
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FIGURE 1.-—-Gandillon’s vacuum sewerage system. 
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Houschold Appurtenances 


In general, the household appurte- 
lances are similar to those in use else- 
where. House drains are the same. 
All sanitary facilities, such as water 
closets, sinks, wash basins, bath tubs, 
ete., are connected to the vertical riser 
pipes in the usual manner. One piece 
of equipment differs, and that is the 
kitchen sink, which is adapted to the 
removal of organic wastes and rubbish. 

Mineral sweepings, slag, papers, and 
other wastes that do not decompose 
readily are not to be discharged into 
the sewers through the sinks—but this 
regulation is not complied with. Such 
refuse is supposed to be collected in 
buckets and carted off by the munici- 
pal refuse collectors. ) 

A section through the Lancery type 
of sink is shown in Figure 2. The 
unit consists of a rectangular sink and 
a poured base in the shape of a reser- 
voir, Which is equipped with a siphon 
trap at the bottom and connected to a 
vertical riser pipe. Inside the base is 
a tipping bucket with a capacity of 3.1 
gal. Liquid flowing out of the sink 
passes directly into the tipping bucket, 
which on filling tips automatically and 
discharges its contents into the drain 
pipe (siphon chamber) and then into 
the vertical riser pipe. The tipping 
bucket also serves as a receptacle for 
organic wastes and rubbish, the brass 
sereen in the sink being lifted out and 
the wastes dropped into the tipping 
bucket. When the tipping bucket fills, 


FIGURE 2.—Section through kitchen sink. 
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FIGURE 3.—Section through street sump. 


it tips and empties rapidly and the 
wastes collected therein flow into the 
sewer. Because of the appreciable 
quantity of liquid discharged with 
each tip of the bucket, the house sew- 
ers rarely clog. 

The soil stacks, to which all sewer 
lines are connected, are made of 8-in. 
diameter cement-asbestos pipe. House 
and connecting sewers are likewise of 
8-in. diameter and are laid at a slope 
of 2 to 3 per cent. Vent stacks 
carried above roof level and 
equipped with ventilators. 


are 
are 


Sewer Network 


The street sewers are of 8-in. diam- 
eter, cast-iron, bell and spigot pipe, 
and of tight construction with jute 
and lead joints. All street sewers are 
laid at a slope of 0.1 per cent. Indi- 
vidual house sewers are not connected 
directly to the street sewers, but to a 
sump, each sump serving 3 or 4 homes. 
A section through one of the sumps is 
shown in Figure 3. 

Sump A is built of concrete with a 
paraboloidal shaped bottom and a 
normal manhole entrance. The street 
sewer, K—K, passes through the cen- 
ter of the sump. At each sump the 
sewer is provided with an extension 
arm, d, whose open end, ¢, reaches al- 
most to the bottom of the sump. House 
sewers, a—a, are brought to the sump 
from four sides, with the invert eleva- 
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of the street sewer, K—-K. There ar 


usuall Iron 10 to 1H sumips alony 
reet sewer 
T) street sewers are led to a pont 
rougn wWhiel the main collects 
SSE and a sub-station serving 0 
street sewers is located at the Jun FIGURE 4.—Method of connecting street 
n Each sub-station is constructed sewer to collector. 
elow street level and contains special 


alves and equipment for connecting the device m and flows through the 
he street sewer to the main collector collector to the main plant. If larger 
li 


(here are 6 sub-stations on a main col ds get into the street sewer with the 


tor 8.528 ft. lone liquid, they either will flow with the 
street sewers are connected to the hquid to the end of the collector or 
in collectors as shown in Figure 4 will settle in the sewer and accumulate 


ther Even in the latter case, the 
liquid will trickle through the depos 


n which K—K represents the lowe 
portion of the street sewer, L, madicates 
the collector. Z the valves W clean-out ted solids and flow to the above-men 


le, and m a special device through tioned tanks. At the treatment plant. 
which the wastes flow from the street the coarser solids settle in the first 

wers to the collector When th compartment of the tank and the 
‘treet sewers are being cleaned, valves liquid passes through the openings in 
Z, are used to connect the street sewer the baffle to the second compartment 

rectly to the eollector The liquid is pumped to the following 

rhe collector is of 14- to 16-in. diam units of the treatment plant by means 
ter cast iron, The upper end of the f float-controllec centrifugal pumps 

“PP einates at the first sub In the above manner, the sewer sys 
tation. and the lower end terminates tem operates practically throughout 

two oviindrical tanks located at th the entire day without the use of me 

‘tment n t Each tank has a ea hanieal equipment 
ot iproximately 4.000 eal. and 

Newer Cleansing 
cdivictes n half by means of a pert 
tant hail Onee each day, usually for a period 


of 2 to 24% hr., two vacuum pumps are 

Method of Operation operated for the purpose of evacuating 

{| ver «vetem may function in the two aforementioned tanks and the 
a) the period of eolleectors directly connected to them 
tutional How, and (b) the period In a few minutes a vacuum of 17.7 to 

in. of mereury develops the 


tanks and collectors in other words 


Vormal I the absolute pressure falls from 1 at 
(iravitational flow oecurs during ay inosphere to between 0.4 and 0.2 at 
roximat 2 hr. per day Wastes mospheres 

ibl rom homes dischara Due to the special construction Of 
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not have to enter the underground 
chamber, but opens a small sump lo- 
cated at street level and presses, in ro- 
tation, a series of pedals, which con- 
nect the street sewers to the collector. 
A vacuum develops in the street sew- 
ers and all material found in the first 
sump is removed, then that in the see- 
ond is removed, ete 

To prevent the loss of vacuum in the 
street sewers through the sumps, a 
rubber-covered wooden ball, which 
normally floats on the surface of the 
liquid, drops with the falling level of 
the liquid to the level of opening ¢ in 
extension arm d, seals this opening, 
and remains in this position for as 
long as the sewer is under vacuum 
The evacuation of each sump causes a 
fluctuation of the manometer needle 
These vibrations are vounted by the 
laborer and checked with a number 
written on the pedal in the sump, the 
number corresponding with the num- 
ber of sumps on the street sewer. In 
this manner, in the space of several 
minutes the worker can connect and 
disconnect, in rotation, each of the 
street sewers with the collector and 
continue to the next sub-station 

The solids deposited in the first 
chamber of the tank at the central 
plant are withdrawn in a similar man- 
ner to elevated basins, and then pass 
on to units provided for their recovery 
and treatment. 


Advantages of System 

The process of emptving the sewers 
under vaenum is the major difference 
between the operation of normal sew- 
erage systems and that developed by 
Gandillon. Normal sewer systems are 
laid at certain minimum slopes to pro- 
vide sufficient velocity for self clean- 
sing to prevent deposition of  sus- 
pended solids. Hlowever, as a result 
of fluctuating flows, deposition does 
occur and they must be cleansed from 
time to time, either by mechanieal 
means or by flushing 


All small-sized sewers are generally 


le 


‘ansed by flushing with water from 
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special flush tanks. Because of the 
relatively small accumulation of water 
(usually only 3 ft. in depth), the ve- 
locity, of water discharging into the 
sewer is quickly reduced, and the flush- 
ing effect extends only a short distance 
(about 490 to 660 ft.). The effective 
work accomplished by the flushing 
water is not very great. Gandillon 
estimates that the work performed by 
$9.3 eu. ft. of water, which flows into 
a l6-in. diameter sewer at an initial 
discharge of 20 cu. ft. per see., amounts 
to only 4,000 ft.-lb. He considers the 
use of water for flushing sewers to be 
wasteful, as not only is it potable but 
it is also distributed at a pressure of 4 
to 6 atmospheres, from which only 
about 2 in., on the average, is reco, 
ered. 

Instead of water, which in some 
areas is obtained or processed with 
great difficulty, Gandillon uses air, 
which is available everywhere and in 
unlimited amounts. Moreover, air 
exerts a pressure of 14.7 Ib. on each 
square inch of area, or it is equal to 
the pressure exerted by a 34-ft. col- 
umn of water 

According to Gandillon’s computa 
tions, based on experimental data, the 
quick connection to the atmosphere of 
a 16-in. diameter sewer containing a 
vacuum equal to 1.64 ft. of mereury 
(about 0.34 atm. absolute) will cause 
air to rush into the sewer at a velocity 
of 616 ft. per see. Attention must be 
called to the fact that the most destrue 
tive evelones, which destroy towns and 
forests, have a velocity of less than half 
of the above figure. 

Through special ports provided for 
observation purposes it was possible to 
note what takes place in sewers when 
they are opened to the atmosphere 
Street sumps having a volume of 35.3 
cu. ft. are emptied in a fraetion of a 
second. All material passes the ports 
at high velocity and flows to the reser 
voir at the pumping station 

The usual practice after cleansing 


the sewer system under a vacuum 1s 
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to permit atmospheric air to enter the 


main collectors directly During this 
dushing it was necessary to hold 
tightly to one’s hat. even when stand 
ne at a distance of 10 ft. from the 
alve, to prevent the suction from 
taking it to the treatment plant 
Large rags and newspapers thrown 


into the air at distance of approxt- 
mately 6.5 ft. from the valves were In 
to the 


stantly drawn in main collector 
surprising that much 
attention is paid to the 


and that anything that will 


It is not not 


sewer use 
statutes 
pass through the openings In the sink 
Large tin 


rain is put into the sewer 

cans are common and there have been 
found in the sludge even such items as 
a silica stone about 4 In. mn diameter 
various pieces of iron and a piece of 


96.4 


of the eurrent 


lead weigh 
The fi 
that heavy 


center of the 


ney 
is so great 


the 


ree 


objects travel along 


sewer and do not touch 


the sides. If the energy of air is taken 
into consideration, everything stated 
previous! is understandable Ae 
cording to Gandillon’s computations 
during the flushing operation a mini 


mum of 66 Ib. of air is used. This air 
871.000 ft.-lb. of 


than 35.3 eu 


enerrvy, or 
ft. of 


normal manner for 


liberates 
100 times more 


sed in the 


two 17-hp. vacuum pumps are put inte 
operation for a pr riod of 2 hr. each 
dav. Three laborers are also required 

hinist. and two laborers t 


te tl valves at the s ib-stations 


we? 
t} lat t system of this 
Fort Kran Martinique 
inlets were provided below 
4+ level so that street cleaners may 
arge sweepings and other wastes 
ted from the streets. A pedal is 
sed at the inlet and the contents 
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systems will be able to clean street sur 
faces with equipment similar to home 
vacuum cleaners, which would be con- 
nected by hoses to special fittings at 
tached to the street sewers 


Sewage Treatment Plant 
Wastes flowing to the central plant 
during the of gravitational 
operation are pumped to the treatment 
plant. In the are 


pumped to a 


period 


St. George wastes 
n equalizing tank, which 
as a 
chamber, then flow 
primary sedimentation basin, trickling 
filters, and final settling tanks, and 


finally are discharged into the stream 


also serves pre sedimentation 


by gravity to a 


see Figure 1 
During the period when the sewers 


are being cleansed, much solid ma- 
terial flows to the two reservoirs at the 
pumping station. The larger solids 


in the first chamber of 
each tank. They are then pumped to 
the two elevated tanks, from which 
they flow into a special settling basin- 
The liquid fraction is 
pumped to the treatment plant, and 
the thermophili- 


( ally 


are retained 
decanter 


solids are digested 


Digestion Processes 


It must be noted that the French 
have made notable advances in the 
field of garbage (waste) fermentation 

The Beecart process, which is used 


Italian (and in some Ameri 


in many 
ean) communities, takes place in a 
closed chamber under anaerobic con 


ditions. The disadvantages are: 1 
the time required 
davs 2) the need of a large number 
of cells (for example. Florence, with 
a population of 200,000, would require 
204 and (3) the 
utilization of the volume of the cell, 


(approximately 60 


cells incomplete 


which at the start is full, but which 
after several davs and for the re 
mainder of the process is only about 


half full as a result of compaction of 
fermenting 
Anver. who did research work dur 
the vears 1997-1930 relative to 
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the problem of treating the wastes at 
St. George, found that the addition of 
air to the cell during the fermentation 
process greatly accelerated the diges- 
tion. He found, too, that the tem- 
perature either remained constant or 
increased during this process. In 
Anger’s experiments he used 4 cells, 
each with a volume of 705 ecu. ft. and 
elevated about 10 ft. above the ground 
to facilitate removal of the contents. 
These cells were filled with the solid 
from the ‘‘decanter,’’ to 
which was added the fresh raw sludge 
from the settling tanks. The tempera- 
ture then rose to 70° C., and the proc- 
ess was continued for 20 days. After 
fermentation, the wastes were sorted 
and the residue sold to farmers for 40 
to 50 franes per ton (1934 franc 
rate). 

A new project, approved by the mu- 
nicipal authorities of St. George in 
December 1931, provided for the con- 
struction of 40 cells, each with a c¢a- 
pacity of 705 eu. ft. Half of the cells 
were put in use, but the others were 
reserved as auxiliary units to be uti- 
lized as the municipality grows. 


contents 


Other Systems 


In connection with this, it is desir- 
able to call attention to other fermen- 
tation systems utilizing this process. 
In Geneva, a plant was built incorpo- 
the Biaggiano-Pico 
which, instead of cells, employs a her- 
metically sealed tower having a capae- 
ity approaching 56,500 cu. ft. The 
tower is filled from above and emptied 
from below. Air is introduced from 
below at a pressure of 7 atm. Fer 
mentation time (35 days 
which may be explained by the facet 
that the mass of fermenting material 
is excessive 

The experimental studies of Joan 
Bordas in 1931 Jed to the construction 
of a 


operation 


rating system, 


is longer 


for continuous 
The silo is slightls 


shaped and its walls are insulated with 


fermentation silo 


Cone 


Air is introduced along 
the length of the walls and through a 


a laver of air. 
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central pipe, which is surrounded on 
the outside by a metal spiral for the 
addition of water to moisten the fer 
menting mass. Inside, the silo is di- 
vided by means of a grate made up of 
two movable sections. The upper 
portion of the silo ineludes a platform, 
a feed inlet, and a small tower for ab- 
sorption of ammonia gas by super- 
phosphate. 
In the lower section of the silo there 
are two openings for the discharge of 
liquid and water, and two 
openings for the removal of the solid 
material. The first feed of wastes, 
which amounts to 705 eu. ft., is loaded 
onto the grates. In addition, 22 Ib. of 
urine, or steep liquor, and some horse 
manure are added. This material is 
interspersed between layers of wastes. 
After loading, the wastes are moist- 
ened with 53 gal. of slightly warmed 
water or manure liquor. 
After 12 to 15 days the grates are 
lowered and the entire contents of the 
silo fall to the bottom, where they now 
occupy a volume of 420 cu. ft., and an 
additional 705 ecu. ft. of 
added to the lower layer. 


wastes 


wastes is 
The grates 
are then lowered to a horizontal posi- 
tion and the loading evcle repeated 

In this manner, almost the entire 
volume of the is utilized in the 
process, After several operations the 
process may be reduced to 20 days 
Through of the remaining 
after compaction of the wastes, a silo 
with a capacity of 1,600 en. ft 
treat 2.115 eu. ft. of wastes 
sult of action of the urine and horse 
manure, the temperature rises to 80 
C. after the first day and thereafter 
remains at 65° C. The urine and the 
manure thus are completely utilized 
Superphosphete is added to the latter 
from the absorption ‘tower. 

It should be noted that aerobic fer 
mentation, which was begun in France 
for treating wastes and a mixture of 
wastes and sewage, found further de 
velopment in the United States, where 
it was utilized for treating sewave 
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Heukelekian (1) show that the aerobic hazard of ground and ground-water 
fermentation of sludge gives better pollution resulting from leakage of 


+ 


‘esults than does normal fermentation sewage into the ground 


under anaerobic conditions. Anaero 3. Daily pneumatie cleansing of the 
bically digested sludge followed by sewers keeps out rats 
aerobic digestion indicated removals +. This method of cleansing sewers 


organie matter of 42.7 per cent, or enables workmen to remain outside 
vanie nitrogen 52.6 per cent, grease Even those at the treatment plant need 


| 


1.4 per cent, and B.O.D. 93 per cent, not come in close contact with the 


hereas anaerobie sludge subjected Sewage. Moreover, the sorting of 
0 inaerobi digestion showed no wastes garbage and refuse) oecurs 
change only after the fermentation process 


Public Health Connotations Economic Phases 


Seniolis believes that the Gandillon The cost of the sewerage svstem is 


stem leaves little to be desired. be dependent on many factors Above 
ae of the following reasons all else, local conditions govern; that 

s, topography eround conditions. 

l. Immediate and direct removal rround-water level population, type 
all organic wastes and sewage Trom of construction, length of streets, dis 
households, stores, and restaurants, as tanee to and type of plant, cost of 
well as from the entire area of the city materials and labor, ete Beeause of 
results in a clean city and reduces the this, cost data relative to this system, 
number of flies, mice, and rats as compared with any other, can only 


Removal of wastes by means of a be considered on the basis of a few 


tight system of pipes eliminates th variables for the same city 


TABLE I. Comparative Cost Data for Sewerage Systems in St. George and Two Polish Cities 


Combined 


| P ty bined Separate 
Il vine i treatment Irrig. field Imhoff tks. and Sedin and 
tr. filt tr. filt 
Population, tot 22 000 27,000 20,000 
Populat nnected SO 000 24.750 18.000 
louse inected 158 702 1,270 
ewer (ft 1,750 3,280 21,900 
t ver (ft 19.670 14,000 
ewer ({t 65.600 
rot ewe ft 4.420 880 65,000 
&.2-12.3 OS-16.4 Max 11.3 
1 tor (‘onerete nerete (‘onerete 
\late nitary Tile Vile (‘ast iron 
( truet st. tot $253,500 $579,000 $523,500 
( t. S736 S824 $7.06 
truet t oper $11.50 $21.43 $26.15 
i) t t nu 87.000 $291 550 $11,460 
t. per ft &0.23 $0.32 $0.18 
Operat t. me $0.36 $0.80 $0.57 
Flu ‘ t g./vI 14.5 2.04 
Maint. ps 15 27 6? 
ge O 383 0.66 0.344 
taff er t $1210 tor lubrieat heating, et 
‘ torm sews 
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Comparative cost data for St. George 
and for two Polish towns of similar 
population are represented in Table I. 
Krom the data will be seen that neither 
the cost of construction nor that of 
operation is any greater than that for 
other sewerage systems. Actually, it 
is cheaper when the added advantage 
of the reduced cost of the removal of 
varbage and refuse is considered. 

With respect to the vost, considera 
tion must be given to the fact that (1 
in St. George the homes are small and 
relatively seattered (total of 1,270 
connections), (2) household connec- 
tions were made at the expense of the 
municipality, and (3) difficulties arose 
in construction beeause of vround 
water conditions. Further, the data 
viven include the cost of experimen- 
tation and of the major changes in 
sewerage facilities instituted over a 
period of 20 vears. 


Conclusions 


Szniolis is of the opinion that the 
Gandillon sewerage system may have 
excellent prospects in Poland, as it 
provides a simple and = inexpensive 
means of sewering level and high 
ground-water areas, of which there are 
a great number in Poland. The entire 
sewerage system may be placed close 
to the ground surface. For sewering 
the house below street level it is not 
necessary for the sewer system to run 
below the house connection, as it does 
in the normal type of sewer system 
In this instance it is only necessary to 
provide a tank large enough to hold 
the day’s flow. This tank is con- 
nected to the street sewer. When the 
sewers are evacuated, the material 
from this tank is drawn into the street 
sewer in a manner similar to that em- 
ployed in removing the contents of the 
street sumps. 

With a slight change it would be 
possible to remove the wastes and sew- 
age from a settlement in which the 
homes are served by septie tanks 
This would have partieular applica 


tion to the sanatoria, or health resorts, 
in Poland. 

As further confirmation of the value 
of the Gandillon sewerage system, it 
should be noted that several others 
have developed similar systems and 
are building suitable appurtenances in 
smaller settlements. These systems 
are neither cheaper, nor simpler; how- 
ever, they have many followers. For 
example, the L. Garehey system in- 
cludes a sump-settling basin that 
serves each house. All wastes dis 
charge into this unit and a _ portion 
flows out by gravity to normal sewers 
laid at a flat slope. The solid frae- 
tions are removed periodically, by 
vacuum, into another sewer system 
made of cast-iron pipe. The entire 
system is, of course, very expensive, 
but even at that there are three cities 
(Cite-Jardins de Draney, Malabry, 
and de Plessis-Robinson) that are 
utilizing this system 

Some of the schemes have utilized 
kitchen sinks for the removal of all 
household wastes and have connected 
them to the sewer system. For this 
purpose, the kitchen sinks are located 
in the basement and are provided with 
sereens, upon which all solids and 
wastes are retained, while the screened 


liquors pass on to the sewers. The ma 


terial collected on the sereens is air 
dried and burned incinerators, 
which are adjacent to the sinks in the 
basement. The Garchey sinks have 
a larger capacity, are not equipped 
with a siphon, and permit the dis- 
charge of any material that will pass 
the opening. These units have found 
wide use. More than 10,000 have been 
installed in Franee by the Garches 
firm, with about 2,000 in use today in 
Paris alone 
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PURIFICATION OF SEWAGE IN LAGOONS 
By C. D. Parxer, H. L. Jones, anp W. S. Taytor 
ar Bacter f ft, and f r Assistant 
Vell Metros sn Boa Velbourne, Australia 
| 
Purification of sewage and indus weather flow, 62 m.g.d. (Imp.)*, or 74 
trial wastes by holding in ponds o1 m.g.d U. § s purified by land 
lagoons has been practiced in America treatment at a 25,000-acre farm at 
for several vears. The treatment of Werribee, 20 miles from the citv. The 
vage by this method has been de methods of purification adopted have 
ribed by Caldwell (1), Gieseeke and heen described elsewhere bv Borrie 
Zeller (2), and Blackstone } In 6) and MelIntosh (7 Briefly, they 
dustrial wastes, particularly from cai ire by rotational irrigation of pastures 
neries, have also been shown to be with raw sewage in the summer and f 
apable of purification im this wav b the eontinuous surface applhieation of 
Sanbort 1) and others. The whol settled sewage to grassed areas in the 
ibject of treatment by lagoons or winter. In the autumn and spring - 
xidation ponds has been reviewed b transition between these two methods 
an American Public Health Associa is effected over a period of several 
tiot ymimitter In Australia, la weeks Weather eonditions during 
woons are used at times in. treating these transitional periods introdues 
vage from small towns, their man ‘ertain operational difficulties The 
appheation being for the final treat is of lavoons appe ared to offer an 
ment of effluents otherwise considered ilternative form of treatment that not 2 
unsnitable for discharge after treat mly would facilitate operational pro 
ment by primary and secondary prov edure during these periods, but also 
ses would be useful in the treatment of : 
Although their use is therefore not peak night flows (because of the dis 
inecommon. there is no general recog tance from the city, the daily peak 
tion of lagoons as an_ effieient flow reaches the farm between 10 p.m 
ethod of sewage purification _ ind 6 AM and excess wet-weather 
eneral. they have been eonsidered a flows. resulting from infiltration into 
rimit form of treatment There the sewerage svstem 
| heer ttle scientific investicatio1 For these reasons, and beeanse there 
tal involved are areas of land on the farm which 
ind the factors affecting the efficienc: are not suitable for land treatment, 
' nt. Tx me canes. la but whieh could be converted to la . 
scredited beeanse roons, studies were commenced in 
Alias lack of intelligent 1940 at the direction of E. F. Borrie 
| t thre pr ples ! mef engineer of sewerage, to deter 
| n rise to septie cond mine the purifving capacity of la 
tions an ‘ tor Muents ons and tl factors affecting their 
erformar under Australian condi 
Melbourne Studies 
\ +} Dat expresned it 


| 

Ne. 
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tions. The results of these studies are in the B.O.D. test. As a result, la 
described in this paper. goon effluents fluctuate widely in 


It was obvious from the literature 
and was soon apparent from the ex- 
periments that, apart from the pres- 
ence of algal growths, a satisfactory 
effluent could be produced by lagoon 
treatment. The studies were directed, 
therefore, towards the determination 
of the exact capacity for purification 
possessed by lagoons when operated 
in the following ways : 

1. For the continuous purification 
of the dry-weather flow of raw sewage. 

2. For the purification of excessive 


storm flows admitted to the lagoons 
intermittently as they oceur. 

3. For the continuous final. treat- 
ment of effluents either from treat- 


ment plants or from the land treatment 


of sewage. 


The factors affecting each of these 
methods of operation is discussed in 


turn. 


Efiuent Standard 


sefore describing the experimental 
work it is consider the 
standard of final effluent desired from 
lagoon treatment. In Australia there 
is no legal standard set up for sewage 
effluents discharged to rivers, streams, 


necessary to 


or the open sea, although general ree- 
ognition is given to the British Royal 
Commission standard requiring a 
3.0.D. not greater than 20 p.p.m. and 
suspended solids not greater than 30 
p.p.m. In general, effluents which do 
not comply with it would be consid 
ered unsatisfactory. 

Strict of this standard 
with lagoon effluents is rendered diffi- 
cult beeause of the presence of algae. 
It has been observed by Caldwell (1) 
in California, and has also been found 
under Australian eonditions, that sew- 
age lagoon effluents frequently have 
a green to vellow turbidity due to the 
development of minute free-swimming 


observance 


These ex- 
ert an oxygen demand when ineubated 


green algae in the lagoon. 


B.O.D. and suspended solids, due pre 
dominantly to variation in the num. 
bers of algae present rather than to 
the amount of residual pollution. 
Such effluents frequently exceed the 
above standard for both B.O.D. and 
suspended solids, even when complete 
stabilization of the original organic 
pollution is achieved. When the 
green algal material is removed from 
such effluents by filtering through 
filter paper, the B.O.D. is much re- 
duced, usually below 10 p.p.m. The 
desirability of discharging such efflu- 
ents is discussed subsequently, but at 
this point it should be stated that for 
the purposes of these experiments a 
lagoon effluent considered satis 
factory for discharge provided the 
B.O.D., after removal of the algae by 
filtration, was less than 20 p.p.m 

The correctness of this contention is 
open to question, particularly if the 
effuent should contain suspended 
sludge or other particles of organic 
matter at times when the lagoon con- 
tents are disturbed by wind action. 
However, apart from this possible ob 
jection, it is reasonable to believe that 
with stabilized effluents, 
pended solids in the original sewage 
have already been settled, dissolved, 
or digested, and that the B.O.D. of 
the sample is associated only with the 
algal material and the 
ganic matter remaining from the orig 
inal pollution. In 
the performance of the lagoons in these 
studies, the filtered B.O.D. has proved 
a much more useful characteristic 
than the B.O.D. of the unfiltered efflu 
ent 


was 


lagoon SUS- 


dissolved or 


sewage assessing 


Assessment of Purifying Capacity 


To arrive at the required dimensions 
of a lagoon for the complete treatment 
of any particular sewage flow, it is 
necessary to be able to define the puri 


fving capacity of lagoons in some way 
Experimental 


evidence is advanced 
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FIGURE 2.—Experimental lagoons, showing part of anaerobic lagoon B in left fore- 
ground and aerobic lagoon in background and right foreground. 


algal activity. In addition to the ex- 
amination of the performance of 
such lagoons, it has been found in the 
course of the present studies that 
substantial purification of raw sewage 
can be obtained in lagoons where cou 
ditions are deliberately kept anaerobic. 
Factors affecting the performance of 
such lagoons have also been examined. 
To differentiate the two forms of la- 
voon they are referred to as aerobic 
and anaerobic lagoons, respectively. 


Lagoon Layout 


The lagoons constructed for the ex- 
periments with continuous treatment 
of sewage are shown in Figures 1 and 
2 The two anaerobic lagoons, A and 
Is, were shallow bays 8,600 sq. vd. and 
4 700 sq vd. in area, respectively, eon. 
structed with earth banks and oper- 
ated with a water depth of 3 ft. 
These lagoons served as sedimentation 
units, as well as purifying lagoons, 
and facilities were provided for de 
sludging them manually. The deten 
tion time in these units was 30 to 60 
hr., depending on the rate of flow. 
The aerobic lagoon, C, had an area of 
3.62 acres and was. similarly con- 
strueted with earth banks. By manip- 
lation of the outlet weir it could be 
operated with a water depth from 0 
to 3 ft 

The raw sewage inflow was meas- 
ured over a V-notch weir and entered 


the anaerobic lagoons through multiple 
inlets operated to give the same deten 
tion time in each unit. Effluent from 
the anaerobic lagoons flowed into the 
aerobic lagoon through outlet boxes 
provided with baffles to prevent floating 
scum from entering the latter. The 
effluent from the aerobie lagoon was 
measured over a V-notch weir. 

In all experiments with continuous 
operation, the flow was maintained con 
stant over 24 hr. of the day and over 
the whole period of the particular ex- 
periment. Grab samples of raw sewage 
and the effluent from the three lagoons 
were taken twice weekly over each 
period of operation. The raw sewage 
sample was taken at a time of the day 
when the B.O.D. was comparable with 
that of a 24-hr. composite. Because of 
the considerable detention time in 
each lagoon, there was little hourly 
variation in the characteristics of the 
effluents, so that grab samples at these 
points were also sufficient. 


Continuous Aerobic Treatment 


With the layout shown in Figure 1, 
the sewage treated by the aerobic la- 
goon was the effluent from the anae- 
robie lagoons, in which the raw sew 
age had already been settled and some 
$.O.D. reduction had oecurred. The 
nature of the influent to this lagoon 
was influenced, therefore, by changes 
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SEWAGE AND INDUSTRIAL WASTES June, 1950 
TABLE Performance of Aerobic Lagoon with Increasing Flow 
od 
te 
7 te Sept. 24 to May 28 to 
Oct, 13, 1941 Dec, 24, 1042 Sept. 17, 1942 
Flow, influent (.p.d 120,000 140,000 140,000 
Flow, effluent (g.p.d 48,000 120,000 128,000 
Lago irea (acres 3.62 3.62 3.62 
Lagoon depth (ft 3.0 3.0 4.0 
B.0.D., influent (p.pom 154 172 272 
4.0.D., effluent (p.p.m 10.5 $4.3 
4.0).0)., filtered effl. (p.p.m 14.6 14.8 65 
“ding (g.p.d./acre) 33,100 38,700 38,700 
ny if B.O day 51 7 66.5 105 
ce (ib. B.O.D. ‘acre day 47.1 61.6 82.2 
mip il gallons 
hte to filtered effluent 
iit ree if purificath li ‘CUrring Was applied for period of to 
inaerob lagoon months 
, ted The relevant data for three opera 
rage Avene tions are shown in Table I, in which 
sewage treated was the normal the purifying capacity is calculated 
ather tlow from the Melbourne ar cording to Eq. 1. When the flow was 
system A full analysis of a 140,000 g@.p.d. and the influent B.O.D. 
24-hr, composite shows 930° 172 p.p.m., the filtered effluent B.O.D. 
B.O.D., 436 p.p.m. suspended was less than 20 p.p.m. With flows 
2 ppm. ammonia nitrogen, less than 140,000 g.p.d. and similar in- 
pn organie nitrogen, O30 fluent B.O.D., or with a flow of 140,000 
chlorides, no nitrate or nitrite = g.p.d. and lower influent B.O.D., the 
no dissolved oxygen, and pl filtered effluent B.O.D. remained below 
20 p.p.m. When the flow was in- 
creased bevond 140,000 4 p.d with the 
influent B.O.D. maintained at ap- 
purifying capacity was dete proximately 172 p.p.m., and also when 
by in asing the flow of sewage the influent B.O.D. exceeded this value 
iwoons until the B.O.D and the flow was maintained at 140,000 
d effluent of the aerobie — g.p.d., the B.O.D. of the filtered lagoon 
ded 20° p.p.m The ex effluent was substantially greater than 
is carried out with a lagoon 20 p.p.m. It must be concluded, there- 
and each rate of flow ‘ore, that conditions set out in Table 
TABLE II. Performance of Aerobic Lagoon with Increasing B.O.D. Loading 
t (g.p.d 100,000 120,000 140,000 140,000 250,000 
t 82.000 120.000 128,000 233,000 
fl tq 2d 154 172 272 284 
y » 51.7 66.5 105 202 
1 2.4 17.1 61.6 82.2 44.1 
luct 80.6 76.2 31.2 
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| with a flow of 140,000 g.p.d. and in- 
fluent B.O.D. of 172 p.p.m. closely ap- 
proximate the maximum loading the 
lagoon can treat to a satisfactory de- 
gree, 

The B.O.D. load applied to the la 
voon under these conditions was 66.5 
lb. per acre per day; the removal was 
61.6 lb. per acre per day, based on the 
B.O.D. of the filtered effluent. The 
purifying capacity of the lagoon to 
treat sewage on a continuous flow basis 
was, therefore, about 60 Ib. B.O.D. 
removed per acre per day. It is of 
interest that the value of 50 Ib. per 
acre per day caleulated on the unfil- 
tered effluent B.O.D. has frequently 
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longer less than 20 p.p.m. With 
further increase to 202 lb. per acre per 
day, the B.O.D. of the filtered effluent 
increases further and the B.O.D. re- 
moval deteriorates. With increase in 
loading from 0 to 67 Ib. B.O.D. per 
acre per day, the percentage removal 
remains between 90 and 100; with in- 
crease beyond 67 Ib. per aere per day, 
the percentage reduction diminishes 
according to a straight-line relation 
ship. 

The data also show that there is a 
maximum value for 18.0.D. removal, 
which is 80 to 85 lb. per acre per day. 
This oceurs at a B.O.D. loading of 105 
to 120 Ib. per acre per day. Up to this 


TABLE III. Analyses of Sewage at Various Stages of Lagoon Treatment 


Component 
B.O.D. (p.p.m.) 530 
Susp. solids (p.p.m.) 136 
Ammonia N (p.p.m.) 32 
Organic N (p.p.m.) 41.7 
Nitrite (p.p.m.) Nil 
Nitrate N (p.p.m.) Nil 
Chlorides (p.p.m.) 530 
pH 7.0 
Dissolved oxygen (p.p.m.) Nil 
coli (orgs. ml.) 800,000 


Effluent of anaerobic lagoons. 


been quoted by American authorities 
us the purifying capacity under 
American conditions, a value of the 
sume order as that found in these ex- 
periments 


Effect of Loading 


Table Il gives the performance of 
the lagoon with increasing B.O.D. load. 
The data show that with B.O.D. load- 
ings up to 66 Ib. per aere per day 
substantially complete removal is 
achieved and effluents with a filtered 
B.0.D. less than 20 p.p.m. may be ex 
pected. When the B.O.D. load is in- 
creased to 105 Ib. per acre per day, 
increased removal is obtained, but the 
3O.D. of the filtered effluent is no 


oon Lagoon 
160 51.3 6.6 
104 Nil 
56 18 16 

11.6 24.2 6.3 
Nil Trace Trace 
Nil Nil Nil 
555 675 675 
7.5 8.2 8.2 
Nil 2-30 
250,000 350 


loading, increased removal is achieved; 
beyond it, there is a reduction in per 
formance. At the loading to give 
the maximum performance the B.O.) 
of the filtered effluent is not satisfac 
tory, being 65 p.p.m., or considerably 
above the acceptable standard of 20 
p.p.m. It is not practicable, there- 
fore, to operate aerobie lagoons to 
utilize their maximum purifying ¢a- 
pacity and obtain a satisfactory efflu- 
ent. The maximum loading to give a 
satisfactory effluent is 70 Ib. per acre 
per day, which may be taken as the 
maximum removal of B.O.D. which is 
possible by aerobic lagoon treatment 
to produce an effluent with filtered 
B.O.D. less than 20 p.p.m. under the 


ate 

poe 
| 

| 
| 

; 

4 
i 
| 
oH. 
at 
q 
| 
Ae 

| 

“5 


766 SEWAGE AND IND 

existing at Werriber As 
will be een t larvels inde 
pendent of ans other! arniables 


Chemical and Bacteriwlogical Changes 
Analyses ol! typical samples ol raw 
anaerobi lagoon and 


vwerobie lagoon effluents, unfiltered and 


hitered ire viven in Table II! In 
assing through the aerobu lagoon 
there was an increase mn suspeti led 


olids from 94 to 194 p.p.m., due to 
alval growth; a drop in B.O.D. from 
160 to 51.3 p.p.m.; ammonia nitrogen 
lecreased and organic nitrogen it 
creased, due to a synthesis of organic 
ilval material Filtration of the la 

n effluent reduced the B.O.D. from 


11.3 to 6.6 popom. and the organi 
ren content from 24.2 to 6.5 p.p.n 


th reduetions being due to th 
al of the algal matte 


\ reduetion of coliform organisms 


1 ar to that remarked on by Cal 
1) was also found, the count fall 
from S00,0000 per mil n the raw 
re and 50.000 per ml. in the ar 
Leroon effluent to per n 
im the werob lavoon effluent 
Pept 
tt effect of adeptt n 
i i} its the woon Vas 
it it a constant flow of 140,000 
first with a water depth of 3 
i Is 1 Both operat ! 


TABLE IV. Influence of Lagoon Depth on 
Performance of Aerobic Lagoons 
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re carried out for 3 months and 
samples were taken as for the exper 
ments on purifying capacity. The re 
sults, averaged over each operation, 
are given in Table [V 

The B.O.D. of the filtered effluent 
vas almost identical in both cases, de 
spite the depth in the first test being 
double that in the seeond Although 
the purifying capacity with a 3-ft. 
depth was slightly greater than with 
an 1S-1n depth this difference 1s prob 
ably due to the higher influent B.O.D 
in the first case It was shown previ 
ously that, within a certain range, the 
vreater the B.O.D. loading the greate 
the performance to be expected Al 


performance at depths less 


though the 
than 18 in. and greater than 5 ft. was 
not examined, it Is reasonable to con 
Inde that over the range of depth 
likely to be used in lagoons, the depth 
does not appreciably affect the purify 
ng capacity 

The fact that purifving capacity is 
ndependent of depth means that the 
same daily flow of sewage can be puri 
fied to the same extent per unit area 
if lagoon, irrespective of its di pth 

\s the detention time was 10.7 days 
n one ease and 21.4 days in the other, 
the detention time also bears no rela 
tionship to the capacits of the lagoon 
for purification This supports th 
statement made earlier that if is pre 
ferable to express the purifving ca 
pacity of lagoons as pounds of B.O.D 
removed per acre per day, rather than 


as poul ds of BLO_.D. removed per acre 


ft. per dav or in terms of detention 
tim If this conelusion 18 of veneral 
ipplication, passage of a thin sheet of 


sewage over land should be just as 
ffective as lagoons of the depth ex 
mined No experiments were carried 
it in this range, but it is of interest 
that B.OLD. removal bv the process of 
ontinnous surface application of sew 
i to grassed areas 1s of the order of 
WMOolb BOD per acre pet dav. which 
s somewhat greater than the values 
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TABLE V.--Effect of Seasonal Conditions on 
Performance of Aerobic Lagoons 
Per 
Winter Summer 
May 28t» Sept. 24 to 
Sept. 17 Dee, 2 
1942 
140,000 140,000 
127.600 | 122,900 
3.2 $.62 
+f 
ist 
272 172 
44 
65 
220 306 
47.5 115 
SS 
61.6 
76.1 1.2 
' Anaerobic lagoon effluent. 
Neasonal E ffect 
lo determine the influence of tem- 
| perature and other seasonal factors, 
the lagoon was operated with the same 
flow under winter and summer con- 
at ditions. The results are given in 
Table V. 
“} The purifying capacity of 82.2 lb. 


per acre per day in winter was greater 
than the summer value of 61.6. This 
indicates that temperature, algal pop- 
ulation, and other factors which might 
| be expected to favor better summer 

performance, have an_ insignificant 

effect on purification capacity. This 

the biological activity summer, 
oxygen absorp- 
In winter, 
with lower temperatures, the solubil- 


probably the rate of 


tion at the water surface. 


4 


ity of oxygen is ywreater and conse- 
quently the rate of solution into water 
containing less than the saturation 
value of dissolved oxygen would also 


be greater. This probably explains 


why the performanee is as great or 


greater In winter than in summer. 
The reason for the better results in 
winter is also to some extent associated 
with the higher B.O.D. value of both 
influent and filtered effluent for that 
operation. It is established in trick- 


ling filter studies that it is much easier 
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to reduce the B.O.D. by 100° p.p.m 
from $90 to 250 p.p.m. than from 150 
to 50 p.p.m. The same probably ap- 
plies in lagoon treatment, with the re- 
sult that performance over the B.O.D. 
range of the would 
be expected to be better than over the 
range of the summer operation. Thus, 
it is probable that had the influent 
B.O.D. been the same in both eases, the 
purifying capacity would be similar in 
summer and winter. 

Despite the constant flow during 
both periods, and the higher purifying 
eapacity and lower raw sewage B.O.D. 
in winter, the B.O.D. of both unfiltered 
and filtered effluents was much higher 
in winter than in summer. This sug 
gests that the over-all performance of 


Winter operation 


anaerobie lagoons plus aerobic lagoons 
treatment is less in winter than in 
summer. 

Although the sewage B.O.D. 
was lower in the B.O.D. of 
the anaerobic lagoon effluent entering 
the lagoon higher, thus 
imposing a much higher B.O.D. load 
on the latter lagoon in this period. 
This is reflected in and accounts for 
the higher B.O.D. of the winter efflu- 


raw 
winter, 


aerobie was 


ents. The reason for the smaller 
B.O.D. reduction through the anae- 
robie lagoon, and consequent higher 
B.O.D. of the effluent from this unit 


in winter, is diseussed in connection 
with the performance of anaerobic la- 


roons 


Continuous Anaerobic Treatment 


In the experimental lagoon setup 


used (Figure 1), the raw sewage passed 
continuously through the two anaero- 
bie lagoons before entering the aerobic 
In the two anaerobie lagoons 
21%, days and 


lagoon. 
the detention time 
the sludge deposited by sedimentation 


was 


was only removed at infrequent inter- 

vals (3 to 4 vears’ 

Purifying Capacity 
Although 


aerobic 


function of the an- 
the removal of 


one 


lavoons 


was 
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suspended solids before aerobic la TABLE VI.--Influence of Sludge Layer on 


roon treatment. Table II] shows that Performance of Anaerobic Lagoons 

b.0.D. removal was also considerable 

The B.O.D. reduction from 530 to 160 adie’ 

p.p.m 70 per cent is much 

p-p. Raw Effluent, | Effluent 
ater than that to be expected from Sewage Unit A | Unit 


the simple removal of the B.O.D. as 


sociated with the solids settled out fay 21 to Sept. 17 107 | 054 
When the performance of the anaero Sept. 17 to Dec. 3 184 205 138 
bh} lagoon is caleulated from the Dec. 3 to Dec, 24 148 157 145 
values in Table III in the same way 
as for the aerobic lagoon, it 1s found 
that the purifying capacity is 1,230 the shorter detention time, a much 


lb. per acre per day, compared with reater B.0.D. removal was obtained 


65 Ib. per acre per day for the aerob when the sewage passed through 

lagoon process. This suggests that the init B (containing the accumulated 

anaerobic lagoon is a much more efti sludge the B.O.D of the effluent 
ent purification unit than the aerobie being 95 p.p.m. lower than from A 


lavoon Table VI also shows that the differ- 
ence in between the effluent 


Effect of Deposite Nluda 
fi Deposited tilife from the two lagoons diminished as the 


One function of the anaerobic la- e@Xperiment progressed and = sludge 
voons was the sedimentation of sus built up in A. At the end of nine 
pended solids As the at posited months there was a difference of only 
sludge was only removed at intervals 12 p.p.m. in the B.O.D. of the two 
of several vears and the detention time effluents. 
of the sewave in these lagoons was 2) The difference in B.O.D. reduction 
days, experiments were carried out t between the two lagoons at the begin- 
determine the part plaved by the de ning of the experiment can only be 
posited sludge in the verv high B.O.D due to the presence of the sludge ae 

moval observed. To do this. on cumulated in B. This is confirmed by 
lavoon, A. was completels desludged the relative Improvement in the B.O.D. 
whereas the sludge accumulated (1 reduction through A as sludge was 
i from two years of operation was deposited in that lagoon also 
illowed to remain in lagoon B The high efticienev of the anaerobic 

Raw sewage was applied to bot} lazoon in removing B.O.D. is depend- 

! matin islv at a rate suel ent on the development of digestion 
t! ny per unit area was thi 

for both units. Disregarding th eam stmage im 
sence of sludge in B, the deten 
hor ! \ d be the same in both: 

er, 0 ise of the sludge, the He UNIT) t= UNIT? UNIT 3 
tention time in B in faet would | 
bh s than in A. The ex- 
periment va mtinued for nine 
+} 7 thy wil a 
FIGURE 3.—Subdivision of lagoon A into 
Xperimey spit four small anaerobic units in series. 
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Changes in Constitution with Increased Detention in Small Anaerobic 
Lagoon Units' 


. 
Period 
Sampling: Point Characteristic? l 2 3 4 45 
12 4°43 1/12 44 40644 7/1/44 11/17/44 
17 44 3.30/44 10 6/44) 3645 
All Flow (g.p.d.) 16,000 16,000 16,000 16,000 16,000 
Temp. (F.) 67. 66.7 5.4 53.0 673 
Raw sewage B.O.D 492 543 405 355 331 
¢ Susp. sol. 470 637 433 366 105 
‘ Unit 1 effi B.O.D. 264 260 225 269 197 
S Susp. sol. 115 117 104 M4 104 
Unit 2 effi. B.O.D. 192 200 189 228 161 
: Susp. sol. 7 60 70 69 65 
23 Unit 3 effi B.0.D 134 158 138 182 107 
Susp. sol. 126 66 
Unit 4 effi. B.O.D. 97 4.2 96 148 49.6 
Susp. sol. 78 91 72 i 77 
' Averaged over each period as shown. 
?In p.p.m. except as noted. 
in the sludge layer. Organic matter tial conversion of organic compounds 
is converted to methane and carbon to gaseous end products also oceurs in 
dioxide under anaerobic conditions the supernatant sewage and this is 4 
and the gassing of the sludge layer responsible for the high B.O.D. redue- y 
2 seeds the sewage flowing over it. With tions that occur in the absence of dis- 
| a detention time of 244 days, substan- solved oxygen. 
Ea TABLE VIII.—-Effect of Detention on Performance in Small Anaerobic 
i Lagoon Units 
| 
Det Period Number* 
Period Red. o Comparison 
; days Rem.! 1 2 3 4 5 
l Red. 228 283 180 SO 134 
Infl. 
Rem. RS. 1,862 2,309 1,469 702 1,093 
Infl. 
2 1} ted R.S. 300 343 216 | 127 170 
; Infl. 72 HO 36 41 36 
Rem. RS. O81 1,122 706 415 56 
- Infi. 391 326 196 223 196 
3 24 ted. R.S. 358 385 167 173 224 
Infl. 5S 12 51 16 54 
& Rem. R.S 583 628 435 282 365 
: Infl. 190 137 167 150 177 
5 Red. RS. 395 480 307 207 281 
Infl. 37 104 40 34 57 
tem. RS. 324 101 252 170 230 
Infl. 60 169 65 55 93 


( 8.0.D. reduction in p.p.m., or removal in lb. per acre per day 
Raw sewaye to effluent from particular unit, or influent to effluent in particular unit 
3 Dates and temperatures same as in Table VII. 
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through them in series 
ously accumulated u 
allowed to remain u 
raw sewage flow ai 
he four units were ad 
a detention time of 1 
st unit, in the 
avs m the third, and 5 
uurth. This experiment 
for 15 months, with tl 
maimtained constant 
vage and the effluents 
t being sampled twice 
results, averaged over 
riods during the experiment 
own in Tables VIT and VIII. In 
Table VII the average B.O.D. and 
ispended solids content of the raw 
vage and effluents from eact 
are shown for each period In Table 
th rification effected by each 


unit 


as a reduction of 
>O.D. in p.p.m. through that unit and 
lso from the raw sewage to the efflu 
nt from the unit The BOD. r 


il is also expressed as Ib. B.O.D 


| 
emoved per acre per dav for eacl 
nit separately and additively with 


It 1? Tabl VIl show that 
ressive drop in B.O.D 


t} ive passes through the sue 
t Thus. for the first 
4 raw sewage B.OL.D 170 
to 264 p.pom. after pass 
first unit. to 192 p.p.1 
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lab Vil t s seen that the 
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the first period, the removal in the first 
init was at the rate of 1,562 Ib per 


re per day, in the second umt 391, 


n the third 190, and in the fourth 60 
lb. per acre per day. The B.O.D. r 
moval in each of the first three units 
much greater than that achieved by 
t aerobic lagoon (65 Ib. per acre 


per day), but removal in the fourth 
nit. which increased the over all de- 


tention from 5 to 10 days, was only of 


It must be eoneluded, therefore, 
that a detention time up to 5 days in 
the anaerobic lagoon is desirable, but 
further detention is of no advantage 


corapared with aerobie lagoon treat- 


ment 


Temperature 

Table V shows that, in contrast to 
aerobie lagoons, there 1s a consid rable 
difference in the B.O.D. reduction 
through the anaerobie lagoon in win- 
ter and summer. The reduction in 
winter was 116 p.p.m., compared with 
312 p.p.m. in summer. 

Owing to the wide variation in the 
B.O.D. of the raw sewage for the five 


periods shown in Tables VIC and 
VIII, the effect of temperature on per- 
formance is not readily seen. How- 


ever, the results for periods 4 and 5 
with similar raw sewage B.O.D. show 
how the B.O.D. of the effluent from 

wh unit was lower in period 5 when 
the temperature was higher. The 
over-all B.O.D. removal with 5-day 
detention varied from 628 Ib. per acre 


per dav for yy riod 2 (av. temp 66.7 


| to 282 Ib. per acre per day for 
period 4 (av. temp. 53° F.). These 
lunes are dependent on the B.O.D. 
f the sewage to be treated and the 
range of temperature of the lagoon 
ntents 
More extensive tests har shown 


that under Melbourne conditions the 


B.O.D. rem with 5-dav detention 
for raw B.O.D. of 
D0 p.pa mav be taken as 600 lb. per 
re per day in summer and 450 Ib. 
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ver acre per day in winter. To treat 
settled sewage with a B.O.D. of 350 to 
400 p.p.m., the corresponding values 
are 400 15. per acre per day in summer 
and 300 lb. per acre per day in winter. 

The influence of temperature on 
B.O D. removal is due to dependence 
on the sludge digestion process. The 
‘fect of temperature on sludge diges- 
tion is well established and it appears 
to influence B.O.D. removal in the 
same way. 


Depth 

Although no experiments were car 
ried out to determine the effect of 
depth on the purifying capacity of 
anaerobic lagoons, it is probable that 
the purifying capacity of these units 
is dependent on the detention time or 
capacity of the lagoon, not on its sur- 
face area as in the case of aerobie la 


Algal Development and Control 


The presence of algal growth in 
purified lagoon effluents is of almost 
general occurrence. As a result, the 
effluent, instead of being sparkling 
clear, has an unattractive green to 
yellow turbidity, and as stated earlier 
the suspended solids eontent and 
>.O.D. as determined in the ordinary 
way are frequently much higher than 
would be considered satisfactory with 
effluents from filter or activated sludge 
treatment. 

The desirability of discharging such 
effluents is therefore open to question. 
On the other hand, it has been stated 
by Caldwell (1) that the purifying 
capacity of lagoons is largely due to 
the photo-synthetic activity of algae, 
which normally develop in them. If 
this is so, algae are essential to the 
purification process and would have to 
be present for the lagoons to function 
efficiently. Experiments were carried 
out to establish some facts on these 


points 


Discharge of Effluents Containing 
Algae 


A sample of lagoon effluent high in 
algal content was diluted with appro- 
priate amounts of the ordinary labora- 
tory B.O.D. dilution water, river 
water, and sea water, A 5-day B.O.D 
test was performed according to stand 
ard procedure on one duplicate set of 
these dilutions, incubation being car- 
ried out in the B.O.D. cabinet in the 
dark. The duplicate set of dilutions 
were incubated for 5 days on the lab- 
oratory bench, where they were ex- 
posed to indirect sunlight. Dissolved 
oxygen determinations were made at 
the beginning and end of the period 
of incubation in each case. 

The algae-containing lagoon sample 
incubated in the dark developed a 
B.O.D. of 37.8 p.p.m. with laboratory 
dilution water, 37.2 p.p.m. with river 
water, and 16.4 p.p.m. with sea water 
The corresponding depletions of dis 
solved oxygen with a 1 in 20 dilution 
were 1.89 p.p.m., 1.86 p.p.m., and 0,82 
p.p.m. The same dilutions incubated 
in daylight showed no depletion of dis- 
solved oxygen and with the river and 
sea waters there was a substantial in 
crease of 4.40 and 14.17 p.p.m., respec- 
tively. 

Although it cannot be claimed that 
this experiment reproduces all pos 
sible conditions of discharge, the re- 
sults do suggest that the laboratory 
determination of B.O.D. of lagoon 
effluents containing algae is unreal, 
and that in practice the dissolved oxy- 
gen content of the receiving river or 
sea water will be increased rather than 
depleted 


General Considerations 
We ‘ ds 


In 8 years of operation with both the 
anaerobic and aerobie lagoons there 
has been no development of weeds, 
either from the bed of the tank or out 
from the banks. The aerobic lagoon 
has operated at depths of 18 in. and 3 
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Discussion 

1} lavoons for the purposes 
t out at the beginning of this paper 
namely, the continuous treatment of 

weather flow and the intermittent 
tment of storm flows—is entirely 
isibl The most satisfactory pro 
lure is preliminary treatment in an 


inaerobi lagoon for sedimentation 
and partial B.O.D. removal 
wed bv aerobic lagoon treatment 

complete B.O.D. removal and final 
stabilization of the effluent The re- 
sults obtained at Werribee indicate 


+} ‘ 


a SPW at 


can be purified using an 
irea per unit volume of flow equal to 
yr less than that used for the methods 
land treatment now in use 

The most important result of these 
demonstration 
ent B.O.D. removal 


passing raw sewage 


idies has been the 
that extremely effic 
an he achive ved by 
itinuously through anaerobic la 
ons, in which conditions are delib 


ely kept anaerobie by allowing 
sIndge to accumulate and digest 

reduction be 
eved under anaerobic conditions 
ias been shown previously Buswell 
nd Hatfield (8) and Buswell and 
} shown that 
lustrial wastes mav be stabilized by 
naerobic methane fermentation. Mal- 
10 has shown that effective 


rious in- 


treatment of milk wastes is possible by 
ssage throngh what is essentially a 
dee digestion unit prior to activated 
lve treatment Watson (11) ear 
experiments which 
necested that the ,O.D. of settled 
d be substantially redneed 


agitation with resting sludge for 


short periods. The B.O.D. reduction 


ffeeted by a septic tank is dependent 
n essenti illy the Same pr neiple 
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The pre sent studies have demon 


strated that advantage may be taken 


feet, on a large 
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ment, the efficiency of anaerobic puri- 
fication is substantially greater than 
the aerobic process. 

The use of lagoons as a form of 
treatment demands that they be con- 
structed to perform the required 
amount of purification with the most 
economical use of land. The experi- 
ments described show that the purify- 
ing capacity of both forms of lagoon 
is best expressed as pounds of B.O.D. 
removed per acre per day, rather than 
in terms of other units. Knowing 
the total B.O.D. load to be treated, the 
area of each type of lagoon required 
to treat any particular B.O.D. load can 
be determined. 

It is obvious that as the form of con- 
tinuous lagoon treatment developed 
consists of two distinct processes, both 
responsible for substantial B.O.D. re- 
moval, the amount of B.O.D. removed 
in each step can be varied at will by 
altering the relative sizes of the two 
types of lagoon used. It is obvious, 
also, that the greater the proportion 
of purification effected in the anaero- 
bic lagoon, the smaller will be the 
over-all area of land required. It 
would appear most efficient to carry 
out the whole treatment in the anae- 
robic lagoon. There are objections to 
this, however, as the effluent from the 
anaerobic lagoon, even if satisfactory 
with regard to B.O.D., would contain 
suspended sludge particles brought to 
the surface by gas bubbles rising from 
the sludge layer and would also be 
deficient in dissolved oxygen. Some 
treatment in an aerobic lagoon follow- 
ing the appears de- 
sirable to overcome these two objec 
tions. The proper ratio between the 
two stages has vet to be determined 
by large-scale application of the pres- 
ent findings. 

At present it may be said that if the 
proportion of B.O.D_ to he 
achieved in each stage is arbitrarily 
upon, the area of each type of 
lagoon to do ecaleulated 
Thus, for a flow of 1 m.g.d (Tmp.) and 


anaerobic stage 


decided 
this ean he 
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a B.O.D. of p.p.m., the B.O.D. 
load is 6,000 lb. per day. If it be de- 
cided to remove 80 per cent of the 
B.O.D. in the anaerobic lagoon, the 
area required with a 5-day detention 
at summer temperatures (64° F.) is 
8 acres with a depth of 2.3 ft. or 
greater. The area of aerobic lagoon 
to carry out the remainder of the purt- 
fication is 18 acres, the depth im this 
ease being unimportant. The total 
area required in this case is, therefore, 
26 acres, which can be reduced by 
still further increasing the proportion 
of B.O.D. reduction to be achieved 
anaerobically. To purify the whole 
B.O.D. load aerobically would require 
92 acres. 

For the purpose of these experi- 
ments effluents from lagoon treatment 
were considered satisfactory if the 
B.O.D. of the effluent after filtering 
free of algae was less than 20 p.p.m. 
It must be realized, however, that the 
algal content of such effluents is not 
removed in practice and the B.O.D. 
of such effluents as discharged fre- 
quently exceeds 20 p.p.m. and may be 
as high as 50 p.p.m. The desirability 
of discharging such effluents is open to 
question. As the original sewage mate- 
rial has been stabilized and the high 
B.0O.D. and suspended solids content 
is entirely due to an aftergrowth of 
vegetative algal matter, pollution and 
oxygen depletion of * the receiving 
water by sewage organic matter could 
not occur. Bacteriologieally, such 
effluents contain far fewer feeal coli 
than effluents from filter or activated 
sludge plants. There is, therefore, no 
objection on publie health grounds 
to their discharge. However, the de- 
velopment of algae in the aerobie 
lagoon contents does represent a re 
conversion of ammonia to 
nitrogen and an 


organic 
increase in the or- 
ganie carbon content, as shown in 
Table IIT. The possibility of this 


vegetative organic matter exerting an 


oxygen demand in the receiving water 
is the only 


possible ob jeetion which 
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vould be raised to the discharge of complete B.O.D. removal and stabiliza 

these effluents. If the algae die on tion is 
discharge, then an oxygen demand 2. The purification effected in an -_ 
quivalent to the laboratory deter- aerobic lagoons is due to the presence 
mined B.O.D. may be expected to di of a digesting sludge layer deposited 
velop and this may lead to oxygen m the bottom of the lagoon. These _ 
depletion. If, as appears more rea units should only be desludged at in : 
sonable, the algae do not die, but ex- tervals of several years. The sludge 

ercise their natural photo-synthetic requires no further digestion, is high 
activity, the diseharge of such efflu n solids and can be dried readily. 

ents may be expected to increas ’. The purifying capacity or per 


rather than deplete the oxygen content formance of anaerobic lagoons is much 


of the body of water into which they vreater than that of the orthodox oxi- 
are discharged. The laboratory ex dation pond or aerobie lagoon. Under 
periment described suggests that the Melbourne conditions with a detention 


latter is more likely to oceur and that of 5 days, it is 600 Ib. B.O.D. per acre 


scientifically there is no valid obje per day at summer temperatures (64 : 
tion to the discharge of algae-contatr K.) and 450 Ib. B.O.D. per acre pet 
ing effluents. The only objection pos- day in winter (52° F The purify 


sible would be on aesthetic grounds ing capacity Is affected by the B.O.D 
because of their unattractive turbid load applied, temperature, and prob 


appearanct ably by lagoon volume (or detention 
The application of lagoon treatment time In the present series of ex Z 

is obviously limited to localities where periments the optimum detention time 
climatic conditions are suitable and n these units was 5 days 

relatively large areas of land are avail $. The purifying capacity of the 
W here such Is the ‘ase, lagoons nerobie lav mereases with inereas 
appear to be much more economical ing B.O.D, load up to a value of 82 
than other forms of land treatment lb. B.O.D. per acre per day. In 
both with regard to construction and — ¢reased loading beyond this value re 
operation Apart from their sunita sults in decreased performance 

bility for supplementing present land 5. When the lagoon is operated to 
methods at Melbourne and the = in give its maximum purifying capacity 
ereased flexibility of operation to be — the effluent B.O.D. is not satisfactory 
expected from their adoption, com The maximum performance to give a 
plete treatment’ of raw sewage bv la satisfactory effluent is 65 Ib. B.O.D 


roons iS an attractive alternative for per acre per day and it is this value 
small installations. With flows up to whieh should be used for design pur 


1 mgd, the lagoon area required 1s poses It is largely independent of 


1] 
ery small, the odors usually associ depth and temperature conditions. 


ited with sludge digestion and disposal 6. The presence of aleae in the 
o not oceur, the labor required for aerobic lagoon probably increases its 


maimtenar is nominal, and the pro capacity for purification 


PSS IS TT t ally foolproof \ 


part from their unattractive ap 


pearance, there is no grounds for ob 
Summary and Conclusions thi of 

1. The most satisfactory eontinuons taining lagoon effluents to river or sea 
form of lagoon treatment of raw sew water, as they tend to increase rather 
ige is by passing it first through an than deplete the oxygen content of the 
anaerob agoon for sedimentation, 4 receiving water. 
restion, and partial B.O.D. removal 8. Partially purified filter and land 
then through an aerobie lagoon for treatment effluents can be completely 
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purified by continuous treatment in 
aerobic lagoons. The purifying ca- 
pacity treating a filter effluent with a 
B.O.D. of 30.6 p.p.m. is similar to, but 
somewhat lower than that for raw 
sewages (41.7 lb. B.O.D. per acre per 
day 
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SEWER RENTALS CHARGED BY 273 CITIES 


More cities are utilizing sewer service 
charges to finance the disposal of sew 
age, the International City Managers’ 
Association reports. 

At least 273 cities of more than 
10,000 population have now dropped 
expenditures for sewage disposal from 
their general tax budgets, according to 
statistics gathered by the International 
City Managers’ Association for the 
**1950 Municipal Year Book.’’ Collec 
tions from sewer rentals totaled more 
than $25,000,000 in 1948—the last vear 
all cities reported total collections. 

Camden, N. J., was the largest city to 


set up sewer service charges in 1949 
In effect less than a year, the rental 
charge brought in revenue of more than 
$227,000. 

Methods of computing sewer charges 
differ widely. The more popular, as 
revealed by the Year Book survey are: 
on metered water consumption; on a 
fixed per cent of the water bill; by 
fixed uniform rates; on the number of 
plumbing fixtures; and on the number 
of sewer connections. Most cities that 
have adopted sewer rentals assess 
charges against residential as well as 
commercial sewer users. 
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Industrial Wastes 


FORUM ON INDUSTRIAL WASTE PROBLEMS * 


(Cannery, Milk, and Food Products; Chemical; Oil Refinery; 


Paper Mill: Plat 
Textile; a 


Condneted by 


A 


Tie 


Sri 


Metallurgieal; 
Tanning) 


and 


CopuRN 


CANNERY, MILK, AND FOOD PRODUCTS 


Effects and Treatment 


AGAR 


CHARLES 


In considering the disposal of wastes 
from eannery, milk, and other food 
products, whether separately or in con 


junction with municipal sanitary sew 
wre the problems of treatment are 
essentially the same Ilowever, in a 
lar mmunity, the effeets of such 
wastes mav be minimized. In a small 
ommunit the treatment and dis 
posal of these wastes is frequently the 
roverning factor in the design and op 
eration of a treatment works and must 
follow generally the procedures recog 


nized for separate 


disposal of suel 


vastes 
In New York State there are con 
at rably more than 25 000 manu 
factut ndustries; it is estimated 
that some S00, or more than 2 per cent 
ire producing industrial wastes which 
na i terial direct or indirect effect 
n the pollution of the waters of the 
Strat yr ¢ s number approxin ately 
200 lustries fall within the ceneral 
ite \ f food cessing wastes 
The est tes include both the sepa 
rate disc] f wast into streams 
and tl harged through a muni 
pal \ vster In a 1947 survey 
t} ! il causes of stream pol 
° Fr transeript nd Annual Meeting 
Federat of Sewa Works Associations 
M 17-2 10490 


lution, the New York State Health 
Department found that of the 549 in 
stances of stream pollution, 308 had 


industrial wastes as the major con 


tributine factor Of these, 103. or 
one-third of the total due to indus 
trial wastes, were attributed to the 
discharge of milk wastes, 38 to can- 


nery wastes, and 7 to abattoir or pack 
ing wastes 

These do of 
indicate the magnitude of the pollu- 
tional load on the streams of the State. 
but they numerical pre 
ponderance of eases of stream pollu 


figures not eourse, 


do show a 
tion resulting from milk, cannery, and 
There are, of 
other types of food proe- 
arried out 


food processing plants 
course, many 
essing 


the 
eated 


in the industries of 
these are lo 
n municipalities where their ef 
fect is noticeably less than in the ease 
of direct discharge 

It is not the intent of this brief dis 
to the effects 
of such wastes on a municipal sewage 
Suffice it to say that 
there are many complications possible 
in 


State, but many of 


eussion review various 


treatment plant 


handling such wastes in the smaller 
plants or in those not specifically de 


signed to treat such wastes 


E cts 


(reneral 


Food 


wessing Wustes 


pre ‘an have a 
serious effect in the pollution of a 
strean In the first place, food is pri- 
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marily organic in nature. It is, there 
fore, subject to bacterial decomposi- 
tion. The inorganic content is quanti- 
tatively a very small proportion of the 
total solid content. 

From the accounts of fish kills by 
the discharge of milk or cannery wastes 
into streams it might be assumed that 
such materials are poisons. This, how- 
ever, is not the oxygen de 
pletion is the usual cause of fish kills 
where food processing wastes are con- 


ease, as 


cerned. The next step is anaerobie di- 
gestion, the type of decomposition 
which results in the blackening of 
streams and the development of foul 
odors. 

Any material, whether from natural 
sources or industrial 
entering or discharging into a stream 
changes the character of the receiving 
waters. 


from processes, 


Such discharge may be detri- 
mental or beneficial, depending on the 
nature, relative volume, and = char- 
acteristics of the 


material discharged. 
In many cases, organic wastes may not 


be harmful; in small quantities they 
may even be beneficial by furnishing 
food for aquatic life. 

To obtain some idea of the best ap- 
proach to the treatment and disposal 
of food processing wastes, it is well to 
consider what may be referred to as 
minimum objectives for effluents to be 
discharged into the waters of a stream. 
believed reasonable that before 
a waste is discharged there should be 
removed from it: 


It is 


1. Practically all settleable solids. 

2 All floating solids or other ma 
terials not of natural origin. 

3. Oxygen-demanding ingredients to 
the extent that the remainder will not 
reduce the dissolved oxygen content of 
the receiving waters below a value of 
t to 5 p.p.m., the approximate mini 
mum considered necessary for the 
maintenance of fish and normal aquatie 
life 

4. All materials which, after admix 
ture, may create conditions in the re- 
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stream toxie or inimical to 
man, fish, or normal aquatie life 


ceiving 


It has been estimated that more than 
90 per cent of the instances of major 
stream pollution in New York State 
could be corrected by compliance with 
the above objectives. The final degree 
of treatment, of course, will depend on 
the recognized uses of the 
waters, as the stream is the point where 
the effectiveness of treatment must be 
judged 


receiving 


Milk Wastes 


In the case of wastes from the milk 
industry, practical and economical 
methods of milk waste treatment are 
known and are being used. However, 
within the milk 
plant itself is the starting point for 
milk disposal 


good housekeeping 


solving many wastes 
problems. 

Reduction of milk losses by conser- 
vation methods in many eases will solve 
a disposal problem. 
ample, the 


saver 


As a simple ex 
installation of a ‘‘drip 
in a milk receiving station will 
frequently reduce the solids loss by as 
much as 50 per cent. If it be remem- 
bered that a pound of milk solids is 
approximately equal to a pound of 
B.O.D., some idea is given of the big 
reduction accomplished. If, in addi- 
tion to the drip saver, the initial rinse 
water from a fine jet spray is caught 
and separately disposed of along with 
initial wash water and drainage from 
the equipment, the over-all reduetion 
in organic load may be as much as 90 
per cent. It is certainly less expensive 
to make savings than it 
construct and operate a waste treat 
ment plant to remove the solids before 
discharge to the stream. 


these is to 


It is believed entirely uneconomical 
to attempt to treat by conventional 
methods milk wastes having a high solid 
content milk, buttermilk or 
whey). These should not be admitted 
to any milk waste treatment plant, as 
the capital and operational costs to 


skim 
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istes are far more than to 


em to a by-product plant, or t 
farm land for disposal, or t 
eturn them to the farmer for animal 
il 
r mi solids losses have been 
t to in rreducible mintmun 
nlant. treatment methods 
considered for the remaining 
f still required In this con 
the ischar of milk wastes 
in nerated holding tank over a 
period deserves consideration in 
r the peak loads on a stream 
the plant operations are inter 
or for brief periods each day 
vastes treatment today is based 
entirely on biological processes 
ition, usually by tri cling filters 
rably recirculating type) or ac 
sludge units, frequently without 


from canning 


limentation 


freezing 


pros ie i more mpl x 


and 


a sposal because Ol the 
of products and resulting 
nal operations, and the 


centralization and enlarg 


Lith 

f existing plants. Treatment b 
ST alized and independent 

most canneries, taking In 
int the flexibility needed to 


imiety of wastes produ 


in operating season 
‘ s no one known treatment 
that in be cons dered satis 
r all types of cannery wastes 
er. the essential elements of 
ent follow those indicated under 
sp il f milk wastes Rem il 
ds by mechanical means, 
is fir screens, IS considered es 
|. Vibrating sereens have found 


place in initia 


nt of vegetable and fruit p: 
essing wastes The common typ f 
reens itt us 1). to 40-mest 
ficiently in reducing the load on 
equent treatment units 
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Removal of settleable solids, inelud- 
ing floating solids, is also a generally 
such wastes 


removal in a 


recognized process for 
solids 


settling tank can usually be greatly 


increased by the addition of coagulat 
ine chemicals, with subsequent mixing 
settling. In 
or second- 


and flocculation before 


many instances, biological 


ary treatment may be 


necessary. 

Inasmuch as many canneries operate 
during a comparatively short season, 
it is sometimes difficult to justify eco- 
nomically the installation of more than 
a minimum degree of treatment 
Where adequate land areas are avail- 
able, 
economical method of 


lagooning is probably the most 
handling the 
wastes from seasonal canneries or food 
processing Several instances 
have been reported where sodium ni 


plants. 


trate was used in conjunction with la- 
reduce and aid in 
There is no question that 


goons to odors 
stabilization 
sodium nitrate is very effective for the 
purpose intended. However the reduce 
tion of sodium nitrate results in an in- 
crease in the ammonia content and may 
a serious factor in the ultimate 


hpecome 


laroon waste into a 


lischarge of a 
small concentra 
alkaline wa 

Instances 


strean Relatively 


tions of ammonia in an 
ter are toxie to fish life 
concentrations as 


having a 


ire known of toxie 
low as 2.0 p.p.m. in a water 
pH of 8.2 

Some of the vegetables producing 
strong wastes, difficult to treat, include 
beets, carrots, corn, 
Among fruits 


cherries, grapes, and apples 


peas, tomatoes, 
squash, and beans 
peaches, 
present the commonest problems. In 
‘identally, the waste from apple proc- 
essing plants is frequently an inhibit- 
ing or retarding factor in some biologi 
al processes, particularly in digestion 


tanks 


thattoirr and Packing Wastes 


The characteristics of the wastes 


rom abattoirs and meat packing plants 
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are similar regardless of the size of the 
plant. Most of the large plants are 
located in urban areas, whereas smaller 
plants are more frequently in rural 
sections where the waste disposal can 
be a serious problem. From the stream 
pollution standpoint, the principal in- 
gredients are grease, blood, hair, 
paunch manure, and fleshings. 

As is true in the milk industry, good 
housekeeping is an important factor 
in the volume and concentration of 
wastes discharged. Some plants are 
careful to avoid losses and utilize all 
waste materials possible. The wastes 
from such plants are weaker and less 
objectionable than those where careless 
procedures are in vogue. 

Treatment methods may consist of 
lagooning, screening and sedimenta- 
tion, chemical precipitation, or settling 
tanks followed by trickling filters or 
activated sludge units. 


Discussion 


D. E. Bloodgood, Lafayette, Ind. 
Do you allow the operation of lagoons 
for canning plant waste in New York 
State, with the addition of nitrate? 

Vr. Agar :—Yes, providing they will 
not ereate any nuisance. The only 


Waste Reduction 
in a Chemical Plant 


(B. W. Dickerson ) 


Although the wastes resulting from 
manufacturing operations in the chem- 
ical industry are many and varied, 
they can be fairly well classified into 
five general divisions as follows: 

1. Insoluble inorganic substances. 


Inorganic acids and alkalies. 


» 
3. Soluble inorganic substances. 
Soluble organic substances. 


5. Insoluble organie compounds 
tars and oils). 


The action of the individual groups 
on the receiving stream varies with the 
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purpose of nitrate is to prevent odor 
nuisance in the vicinity of habitation 
Where habitation is considerably re 
moved, canning plant lagoons are op 
erated without the addition of nitrate. 

C. N. Stutz, Salt Lake City, Utah: 

-A tomato canning factory in Ogden, 
Utah, used Cloroben this year to re- 
duce odor nuisance, and it worked 
quite successfully. It was the first 
year it was tried. 

H. H. Black, Cincinnati, Ohio:—In 
answer to Professor Bloodgood’s ques- 
tion, some of the lagoons are a mile or 
so away from town and handle such 
large volumes that sodium nitrate re- 
quirements would be quite expensive. 

As far as Illinois is concerned, there 
were a few canneries during World 
War II that were pretty well sold on 
the use of sodium nitrate. Those, 
however, were the ones who had la- 
goons right next to town, and the sole 
purpose, at that time, was for odor 
control. More recently, the value of 
sodium nitrate has been appreciated 
as a nutrient for biological growth, 
which certainly adds to the weight of 
breakdown and natural purification. 
I think there are states that will allow 
lagooning without sodium nitrate. 


type, the resultant effect being a sti 
fling of aquatic and biological life to 
the point where the stream may become 
a foul and obnoxious watercourse unfit 
for industrial or recreational use. To 
eliminate this condition pollution 
abatement is most essential. 

Inasmuch as the average chemical 
plant effluent is a composite of the 
wastes from several operations, it will 
contain portions of one or more of the 
divisions noted above. If pollution 
abatement is to be promulgated, it is 
easily seen that unless a carefully co- 
ordinated program is set up for a 
study of the problem, considerable 
time and expense can be wasted use- 
lessly. 
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This discussion outlines the steps 


for reduc ing the waste prob 


necessary 


in an existing plant. HBecause this 


natter is of such paramount impor 

in the chemical industry, the 
Manufacturing Chemists Association 
ni set up a Siream Pollution Abate 


ent Committee which has ' 


riven 


able thought to the problem ind 
a d Manual W-1, entitled 
ray it d Methods for In 
gating Wastes in Relation t 
r Pollution.’’ The following sug 
1 steps are condensed from this 
nal 

Si ta tactful, chemically trainee 
to supervise the work 

Pr le adequate assistance 
sible also trained 

Provide the necessary facilities 


making analvses of plant wastes 
Provide facilities for obtaining 
ples from the main plant sewer 
lual wers, and the stream int 

vast i! lischar 

Collect ba data b making 
lvses on the main plant waste dis 
ve and on sewers from individual 
erations; alculating material bal 
s on all raw materials to locate 
data on the | 
f waste, minimum and average 
tl receiving stream, and spr 
information on the conditions of 
( ! strean The latter 
should include determinations, on the 


f samples from the stream, as 


INDUSTRIAL 


dissolved oxygen, B.O.D., pH, alka 
t temperature taste 
ettleable solids, and total 
sol (is The samples shou ad 
t n hove and below the 
nt nh the ‘lant waste is dis 
it eet ne or 
t f wast » that erat 
rvision will be informed of effort 
the h] 
Review published data 
ryt mn the res of 
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terial on the subject was published in 
1947.* 

8. Prepare a work program, includ 
ing a study program prepared on the 
the 


various 


basis of information concerning 


and magnituce of the 


and on 


source 
and suggestions 
This should be 


directed toward making the recoveries 


wastes, ideas 


or waste recovery 
which require the least change in proe 
ess or the smallest investment in equip 
ment 

9. Provide the necessary funds, par 


laboratory or 


ticularly for either 
small-seale tests of suggested recovery 
methods before thes 
plant operation 


10. Provide engineering and techni 


ean be applied to 


‘al assistance for the man in charge of 


the 


frequently 


waste recovers who will 


program 
require assistance in de 
veloping pieces of recovery equipment 
or changes in 

11. Require 


lette rs 


process 


frequent reports. Fre 


quent should be submitted re 


conditions needing correetion 
outlining ideas 


porting 

suggestions 
Additionally, 
made on 
These let 


unections of 


and and 


for reducing waste 


r ports 


progress in Waste recovers 
ters al ad reports serve the 


the 


ed for 


be tore 


operating organiza 
tion the ne waste reduction, and 
up a record of 
company diligence in the study of its 


the 


permanent 


waste problem, and of progress 


being made in reducing the amount of 


waste from the plant 


12. Insist on good records, in add 


tion to the letters and reports. on snel 


matters as waste analyses, analyses of 
the receiving waters, waste flow, stream 
flow 


materials 
the 


nstallations to save 


during and waste 


prior to 


made 


‘rogram, and legislative ae 


reeover 
tivity 
13. Sponsor meetines for diseussion 
Hess, R. VW Ribliog 
Waste W f the (} Ir 
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of waste problems. Occasional meet- 
ings attended by representatives from 
the technical, operating, and engineer- 
ing departments for the purpose of 
discussing particular problems con- 
nected with waste recovery will develop 
useful ideas, and give the man in 
charge of the program a chance to gain 
the cooperation of plant personnel. 
14. Cooperate with 
of control agencies. 


representatives 
The men respon- 
sible for the enforcement of pollution 
laws wish to cooperate with industry. 
It will be mutually helpful to become 
acquainted with these men and to work 
with them cooperatively in seeking to 
solve pollution problems. This ap- 
proach has the advantage of keeping 
enforcement officials advised of the 
progress being made, and strengthens 
their position in responding to public 
inquiries about the abatement of 
stream pollution. As publie opinion 
is essentially the foree that has aroused 
present interest in stream pollution 
control, the publie deserves to be in 
formed about efforts under way to re 
pollution, and the progress 
achieved. 


auce 


15. Cooperate with other industrial 
representatives, as much is to be 
gained, by an interchange of technical 
information on like problems, through 
membership and participation in tech 
nical societies and through trade as 
sociations where provisions have been 
made for such an exchange of infor- 
mation, 

16. Study 


the recovery 


methods after 
program waste is on a 
basis. As treatment meth 
ods are developed, they mav be used to 
the required if 
t should become necessary to treat a 


treatment 
workable 


determine investment 
part of the plant waste to prevent ex- 
cessive pollution The degree of treat 
will be determined by the size 
of the plant, its location with relation 
to potable water supplies, and the size 
of the Careful in- 
made of the 
discharging industrial 


ment 


receiving stream 
shonld he 


possibility for 


vestigation 
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waste, or acceptable fractions, either 
as produced or after pretreatment, 
into a municipal system for joint 
treatment at the city’s plant. Such 
a plan, however, requires an accurate 
knowledge of the industrial waste, and 
careful consideration should be given 
to the effect which the addition of such 
waste will have on the operation of the 
municipal treatment plant. 

17. Determine the costs of less at- 
tractive Certain 
waste methods will require 
the expenditure of more money than 
can be justified on a savings basis. 
Such methods should be carefully 
evaluated and compared with the cost 
of facilities required for bringing 
about an equivalent reduction in the 
amount of through treatment 
Generally, such a comparison will 
favor the recovery method, as there 
wil! be a small return on this invest- 
ment, return can be ex 
pected from money invested in facili- 
ties for waste treatment 


recovery schemes 


recovery 


waste 


whereas no 


18. Dispose of sanitary wastes by 
collecting them separately, depending 
and methods of treat 
ment of process wastes. They should 
be treated before discharge to a 
stream, or put into a municipal sewer 
for disposal by the city. 


on eonditions 


With such a program. properly exe 
cuted, any organization should be able 
to handle its waste pollution problem 
economical and 


in an satisfactory 


manner 


Control of New Pollution 
Cox 


In the chemical industry, an aggres 
sive pollution control program is part 
of many other industrial endeavors or 
areas of specialized direction and 
effort. To name a few, waste disposal 
must be carefully considered in re 
search and new product development, 
in design and plant construction. in 
plant site selection, in manufacturing 
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and maintenance, and in employee and 
community relations 

efforts in a large 
‘ompany to forestall new pollution are 
ly reduced to the plant level 
therefore, be 


wide 


This be ine the Case, 


not PAS! 
handled on a 
This 


exists because research. process devel 


and must 


ompany basis situation 
opment and design may be handled at 
location for the whole com- 
divided 
consulting engineer, 
plant groups. the 
the control of new pol 
omplished only by design 


a central 


pany, or may be between a 


central group, a 
or scattered 
final analysis 
lntion Is at 
ing the waste and 


necessary 


recovery 
treatment facilities as an integral part 


of the new plant or addition. 


Plant Design 


If the 


cost of 


designer wishes to keep the 
mini 
mum, there are many things he ean do 


treating facilities to a 
in selecting equipment to minimize the 


quantity of waste. Depending on the 
particular process, it may be desirable 
to avoid the use of direct steam dis 
tillation because of the diluting effect 
obtained Some type of closed heater 
may very well prove more economical 
when waste disposal is taken into con 
sideration 


as sufficiently concentrated 


waste can usually be burned. Another 


piece of equipment that often intro 
duces additional quantities of waste 
into the plant sewer system is_ the 


barometric condenser. It is quite ev! 


dent that volatile by-products will 
be diluted with large volumes of 
water I i direct type condenser 1s 
used, whereas a tubular condenser or 


surface condenser would condense the 


volatil material in concentrated 


form (ither important points to eon 


sider in this same connection are leaks 


spills, and periodic clean-ups. It 


careful plans are made to keep mate 
rials out of the plant sewer, an unnec 
load on the 


equipment can be avoided 


essary waste-treating 


Pieces of 
which features 


added by 


equipment to special 


may have to be the designe 
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to avoid pollution are 


and other 


evaporators, 


filters, decanters, tvpes of 
separators 

To give a few examples of what is 
meant, a standard evaporator may not 
inelude an entrainment separator. If 
the material being concentrated in the 
evaporator is one which would be ob 
jectionable in the waste stream, the 
designer should add a special device 


to eliminate, or at least greatly reduce, 


the earry-over of material. Simply 
draining a filter when it is to be back- 
washed or dressed may not be ade- 
quate from the standpoint of waste 
elimination. The designer may find 


that special features should be inecor- 
porated to permit a preliminary wash 
ing operation for recovering as much 
of the filtrate as possible 
attention should also be given to tanks 
used to from the 
mother liquer. Several small batches 
of wash water may have to be used to 


Special 


separate crystals 


avoid loss of mother liquor and result- 
ing pollution. Other examples could 
be eited, but illustrate 
the important part that the designer 
‘an play in reducing waste 


these serve to 


Nite Selection 


The seleetion of a suitable site for 
the new plant is also of great impor 
tanee, as no amount of treatment will 
avoid pollution if the site provides in- 
adequate dilution for the irreducible 
minimum of waste that will have to be 
discharged 
select 


Industry, therefore, must 


new locations with due regard 
to pollution control 

This subject and others relating to 
water pollution abatement have been 


eited by Mr 


informa 


treated in the manual 


Diekerson Inasmuch as the 


tion contained in this manual repre 
sents the combined opinion of a num 
ber of men from the chemical industry 
who are at work on the waste problem, 
section dealing 


should be of In 


from the 


the following 


with new locations 


terest 
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‘*When a company deeides to build a new 
plant, or to enlarge an existing one, careful 
onsideration of the factors involved in waste 
lisposal is dietated by law in many states. 
Whether so dictated or not, it is essential 
that investigation be made of local condi 
tions, requirements, and trends concerning 
waste disposal, so that the design of the 
plant will inelude the facilities required for 
abating the discharge of excessive amounts 
of waste. Factors which must be considered 
in the design of new facilities are indicated 
n the following outline: 

1. Determine condition and flow of receiv 
ng water at location under consideration. 

2. Determine local pollution control re 
quirements. 

From information on type and amount 
if waste, determine whether acceptable con 
ditions can be obtained by a reasonable ex 
penditure on waste recovery and treatment 
equipment when compared to other factors 
concerning the site. 

Determine whether available diluting 
water would limit the size of a plant at the 
location under consideration. 

5. On the basis of preliminary agreements 
with local control authority, prepare complete 
plans to meet requirements for disposal of 
sanitary sewage and industrial waste. 

6. Where required, obtain formal approval 
of plans for treatment works frora pollution 
control authority. On struetures projecting 
nto a navigable body of water, obtain the 
ipproval of the War Department. 

7. Prepare a deseription of the facilities 
for pollution control, including information 
as to the requirements that must be met at 
the new location, so that personnel later 
charged with the responsibility for operating 
the plant will understand the factors involved 
in the disposal of waste. 

‘*When additions are to be built at an ex 
sting plant, the above considerations must be 
given attention. However, under these cir 
cumstances, a considerable amount of infor 
mation on the reeeiving water and local re 
quirements should already be available.’’ 


Combined Treatment 


Another possibility which should be 
investigated is combined treatment of 
industrial waste and municipal sew- 
age. If this is contemplated, diseus- 
sions should be held with the city offi- 
cials who are responsible for the 
operation of the municipal sewage 
treatment plant, so that definite ayree- 
ments concerning the quality and 
quantity of waste which can be han- 
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dled at the municipal plant can be 
reached. Industrial waste can be sat- 
isfactorily treated with municipal sew- 
age, provided it doesn’t overload the 
municipal plant or contain sufficient 
quantities of toxic materials to upset 
the treatment process. Care should 
also be taken to avoid the discharge of 
materials whieh will cause damage to 
the collecting system, which will cause 
clogging of the sewers, which are 
flammable, or which will cause objec 
tionable gases to form in either the 
sewers or the treatment plant. This 
means that in many cases it will be 
necessary either to pretreat industrial 
waste or to segregate certain wastes 
for separate treatment. 


Treatment by Municipal Plants 
(Raymonp W. Igss) 


Diversion of industrial wastes to 
municipal disposal plants should be 
generally recognized as a method of 
treatment to be carefully explored in 
comparison with other methods of dis- 
posal. Treatment processes for sewage 

¢«hlorination, coagulation, settling, 
biochemical action, and sludge diges 
tion—are applicable to many kinds of 
industrial wastes. 

In some cases there are both tech 
nical and economic advantages in this 
method of disposal. Treatment meth- 
ods, in the presence of sewage, are 
sometimes more effective and less 
costly. Land required for these oper- 
ations is not always available at the 
factory site. Furthermore, the muni 
cipal disposal plant and the commun. 
ity, which benefits from its industries, 
would seem to have a_ responsibility 
to cooperate with industry in applying 
the advantages of municipal disposal. 

Of course, in some cases, there can 
be definite disadvantages, both tech 
nically and economically, to this 
method of disposal if adopted without 
careful scrutiny from all angles. The 
problems are very complicated and 
merit the attention of the best techni- 
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eal talent available Their solution solve the over-all problem It is es 
merits close cooperation between per sential to know the nature of the 
sonnel of both industry and the mun municipal processes in order to de- 

pal disposal plant ide on whether the objectives of the 

In nsidering the suitability of « ulatory body would be met For 

rting an lustrial waste to a mun! eXar ple if BOLD. reduetion is the ob 
‘ipal treatment plant, in compariso) ective, the effects of the municipal 
with other methods, the following ques process on B.O.D. reduetion should 
tions command attention he determined 


1. Will the method of disposal for In this connection, the part played 
— \ the receiving waters should he 

the raw waste give satisfactory treat 
aken into account A 


lesser 


ment 
levree of treatment may be required 

Will the raw waste be harmful ‘ ™ 
it the municipal disposal plant, de 


to the structures and processes of the 
‘ation ca 


pending on the self-purifi 
municipal Gisposai systems 
. If it) ncluded that this method pacity and uses of its receiving waters 

in comparison with those for the wa 


for the raw waste would not give satis . : 

, ters on which the industrial plant ts 

factory treatment or that the waste ; : 

. ' located. At least one case car be eited 

would be harmful to structures or : 
in whiel 


diversion to the municipal disposal 


he revulator -ofar 
processes of the disposal plant, what the regulatory body prefers 
nd of pretreatment would be re 
1+ th bjections? plant, even though treatment is only 

red to overcome od 


partial. to discharge into small 
1 What would be the cost and would 


stream from which slugs of accumu 


be prohibitive ‘ 
ated wastes are said to be discharged 
Suitability for Raw Wastes ecasionally into the receiving waters 


for the municipal disposal plant 


In deciding on whether this method 
\ study of the effects of industrial 


f disposal would be satisfactory for ; : 
; pee vastes on the municipal disposal plant 
raw wastes. the following should be ; : 
struetures and processes should take 
riven consideration Chlorination 
the following into aecount Strong 
will oxidize inorganic substances (such 
. acids and alkalies will damage con 
as sulfides. sulfites, and thiosulfates 
erete struetures and biochen ical proce 
toxic substances (such as evanides 
esses. HE vdrogen sulfide, and sulfates 
and some organic materials, including 
which are converted to hydrogen sul 
some taste and odor producing sub ; 
fide unde certain anaerobic co 
stances. In addition, it may promote ndi 
tions, are sat amage concrete 
settlin Biochemical oxidation is ap ns, al ud to damage coneret 
plicable to these same substances and structures loxie materials, such as 


s generally more effective than chlo opper and i1romium, may harn bio 
rination for organic substances. An chemical processes and may remain 


er b fivrestion is also applicable n the disposal plant effluent to the 
Many industrial organic wastes contan detriment of receiving waters Inert 
nutrescible matter which can be sepa settleable solids may give an excessive 
ated and digested in the municipal amount of ash in sewage sludge 
sposal plant with production of fuel 
Pretreatment ¢ onsiderations 
ans 
Consideration should be given t Obviously, if this method of disposal 


individual and groups of wastes, as is not a} plicable to the raw waste, it 


well as to the combined plant effluent 


s either because of the municipal dis 


» the posal process not giving satisfactory 


even though their diversion t 
municipal plant would not 


entirely treatment r beeanse of iiuring the 


4 

| 

= 

| 
: 

| 
| 
| 
3 


Vol. 22. No. 6 


municipal disposal plant processes or 
‘quipment. In the former case adjust- 
pll or addition of another 
waste may overcome the difficulty. For 
biochemical treatment, addition of a 
waste to supply a balanced biochemi- 
‘al nutrient merits attention. Elimi- 
nation of injury to equipment and 
processes may be accomplished by pre- 
treatment to adjust the pH, precipitate 
harmful components in solution, or re- 
move settleable solids by well-known 
methods. Considerable research may 
be involved in identifying and elimi- 
nating harmful components. 

In arriving at decisions 


ment of 


for this 
method of disposal, tests should be 
made at sewer and disposal plant di- 
with Effectiveness of 
treatment, extent of injury to the mu- 
nicipal plant, structures, and processes, 


lution sewage. 


requirements fer pretreatment, and the 
cost of treatment are dependent not 
only on the nature and amounts of 
substances present in sewage but also 
on the extent of dilution. The pres- 
ence of sewage is usually beneficial to 
biochemical action in industrial wastes. 
Corrosion of equipment by a limited 
amount of acid will be avoided by 
alkalinity of sewage. Toxie substances 
may be destroyed or rendered harmless 
by chemical action or by dilution. 
Chlorine demand of both the sewage 
and the industrial waste may be low 
ered when mixed together, the effect 
of mixing on chlorine demand being 
illustrated by the following: 


Chlorine Demand (p.p.m 


Disposal Plant 
Dilution with 
Standard 
Method 


Water 


4,340 
3,100 
30,900 
23,400 
23,400 


4,770 
26,150 
22,100 
20,500 
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These data show that the presence 
of sewage reduced the chlorine demand 
of all the industrial wastes and that 
in one case the industrial waste re- 
duced the chlorine demand of the sew 
age. It also shows that the reduction 
is not due merely to dilution. 


Examples of Cooperative Disposal 

Following are two examples of 
handling an industrial waste in this 
manner in connection with discharge 
to a municipal disposal system con- 
sisting of chlorination, settling, sludge 
digestion, and discharge of effluent in- 
to a much larger stream than that 
on which the industrial plant is lo- 
cated. 

One example is a waste liquor con 
taining organic acids and an unidenti- 
fied substance which was toxic to fish 
This waste was found to be suitable 
for discharge into the municipal dis- 
posal system, except for acidity and 
toxicity. Research disclosed that use 
of alkali to neutralize acidity would 
also eliminate toxicity. The municipal 
disposal system reduced the other ob- 
jectionable characteristics (B.O.D. and 
suspended organic solids) to the re- 
quired extent. Careful calculations 
showed this method of solving the 
problem to be more economical than 
recovery of the organic acids, which 
would have been of some value. 

The other example is a sulfide waste 
containing some sulfites, thiosulfates 
and organic material In this 
laboratory investigations disclosed that 
no pretreatment was required at sewer 
and disposal plant dilutions. Obvi 


Case 


ously, the chlorination process at the 
disposal plant eliminates the B.O.D 
of sulfides, 


thiosulfates 
This method of disposal was found to 


sulfites, and 


be less costly than treatment of the 


waste at its source. 
In both of these cases the tax levied 
by the 


based on volume, chlorine demand, and 


municipal disposal plant is 


amount of suspended solids. 
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Discussion 
H ll. Galve ety n 
Will tl reduction in ehlorine demand 


result in any reduction of the B.O.D 


ateriais 


That was not determines 


However, with a chlorine treatment 
process at the disposal plant, of course 
whatever chlorine is required there 


and would be, 


generai 


ised up in reduction of the B.O.D. in 


[ don’t think it 
We trie 
laboratory, 


and the 


Chairman Coburn: 


loes that always 


Wool 


the determu 


oOuring n 


ng the B.O.D chlorine de 


nand The more chlorine we added, 
the greater the demand and the B.O.D 
What we were doing was changing the 
day B.O.D., or moving the ultimate 


lemand down into the 5-dav zone 
W S Wise, Hartford, Conn.: A 
ost important element in the pollu 
ion control have 


seems to 


program 
been omitted by the speaker | 
the almost universally poor house 


eping in industrial waste treatment 


the 


anagement 


ants, presumably resulting from 


attitude on the part of 1 


wastes treatment is not part of the 


production another 
headache 
agement 

Mr. 


ation just as 


but just 


pro CSh, 
Hlow does one interest man 
That is a matter of edu 


this whole matter of 
pollution abatement has beer 
You will note 


new 


a matter of education 


mn mv diseussion of pollution 
of t} plant 


approved, “une 


de sign 


arrived at, 


vervthing else, I considered it to b 
‘ry important that a careful and di 
tail write-up of the reasons for, and 
the methods of, controlling waste be 


itlined for use by the men who would 

operate the plant It falls right i 

line with the campaigns and programs 

the industry carries on for such 


inity and emploves 


relations. Until they are sold on 


MUSTRIAL W 


their 


have 


as being an important part of 


operation will continue to 


you 


some of these sloppils run plants 


Mr. Dickerson:—In 


to segregate all of 


general, we try 
‘ontaminated 
At first we had 
that no real check 
to the that 
treatment 
found that 
we can actually tell the operating de 


partment that 


our 
wastes and treat them 
the general feeling 
availabl 


Was waste 


continued to come to the 


plant. However, we have 


they material 
treat 
one in 
have been able to show them 
had 


or leaky catch pans or piping 


are losing 


by the operation of our waste 


ment plant In more than 
stance we 
where they a leaky storage tank 
edu 
treat 
plants are placed in operation 
the other 


the company that they do 


The picture, as I see it, is an 


cational one. However, as more 


ment 
if Is possible to show divi 


sions of act 
watchdog on 
result it 
becoming too sloppy 
Vr. Agar: 
on an 


little 


as a 


process operat rons, 


and as a keeps them from 
I would like to comment 
that 


the e 


incident will out a 
The 


cheese plant 


point 


about onomie factor 


operator of a Vermont 
following information which, 
Ile said that he 
better 


waste 


gave the 
[ think, is pertinent 
had to 


posing of the 


find some way of dis 


the 
discharge it 


cheese 


from 


operation than to into 


the adjacent Investiga 
that 


whey to 


small stream 
tion of the possibilities disclosed 
he would be able to haul the 
a by-product plant, some considerable 


distance away, at a cost of 50¢ per 


unit of measurement of whey In 
from the by products 


plant 
he would receive $e } r unit of the 


material The eost of 10¢ was far 


heaper than would be the cost of any 
waste treatment facility he 
stall In that 


treatment may be considered ti 


eould in 
cost of 
be 10¢ 


per unit of whey waste for that par 


tieular plant 
Question Did |] 


inderstand that 


the chlorine demand was actually re 
dueed in the sewage itself; that is to 
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say, that part of the chlorine demand 
is satisfied with this industrial waste? 
Or is it a matter of sewage being more 
valuable than water in reducing the 
chlorine demand of the waste? 

Mr. Hess:—The point is that the 
sum of the chlorine demands of the 
waste and the sewage, made separately 
by the standard method, was much 
higher than when they were mixed 
together and the combined 
demand determined. With the same 
degree of dilution using water there 
was very little reduction. 

The compounds mentioned were of 
two different groups. One was, in gen- 
eral, main components with certain 


chlorine 
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but 
decomposit ion 


organie acids, including certain 
other products. The 
other was a type of sulfites and sul- 
fates. 

C. F. Gurnham, Medford, Mass.:-— 
It is a well-known fact, chemically, that 
sodium sulfate has a chlorine demand, 
and so has sulfite. If mixed, sulfur is 
formed, which has no chlorine demand. 
Possibly, the materials mentioned lead 
to similar reactions. 

W. A. Lawrance, Lewiston, Maine: 
—It may be that the sulfites are re- 
acting with the organic material and 
not getting a satisfactory reduction. 
That in itself would reduce the chlo- 
rine demand. 


OIL REFINERY WASTES 


Pollution Abatement Problems 

at Petroleum Refineries 
(Roy F. Weston) 

The universal necessity for pollution 
abatement has changed the economic 
balance so that some materials pre- 
viously wasted are now conserved and 
utilized. However, the force of habit of 
unrestricted waste discharge is strong. 
Restrictions placed on past practices 
are resented and the tendency to try to 
slip one over on the restrictor is preva- 
lent. Therefore, one of the most im- 
portant and foremost jobs in industry 
is that of educating operating person- 
nel relative to the public relations as- 
pects of pollution abatement and of 
vuiding their thinking relative to the 
economics of waste handling, treat- 
ment, and disposal versus waste elimi- 
nation or and utilization. 
Without the operators’ cooperation, a 
pollution abatement program is des- 
tined for failure. Without a good 
public relations publicity program, the 
best efforts and largest expenditures 
for pollution abatement may be un- 
known by an appreciative public. 
Therefore, another important job is 
that of establishing a program to in- 
form the publie of efforts, expendi- 


recovery 


tures and accomplishments for their 
good. 

In accordance with the basie phi- 
losophy that industry is obligated to 
manufacture and market its products 
at minimum cost to the public, in- 
dustry must abate pollution at mini- 
mum expense. Therein lies a complex 
problem. Complete elimination of all 
pollution most certainly will not pro 
vide the desired 


economic answer, 


Therefore, some pollution must be per- 


mitted. This fact raises a number of 
questions. What is permissible pollu 
tion? What is the condition of the 
receiving stream at times of permis- 
sible pollution load? What parameters 
shall be used to determine such con- 
ditions? What shall be the permissible 
pollution load by each industrial es- 
tablishment when the total permissible 
load on the 
mined ? 


stream has been deter 
What parameters are to be 
used to establish the permissible load 
from each establishment? 

A basis for the answer to some of 
these questions may be found in en- 
acted legislation. However, the defini- 
tions provided are usually in such broad 
and general terms that they leave 
much for interpretation by the regu- 
latory agency. Therefore, the above 
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tions must be considered by in 


1ust! and regulatory agencies so tha 


reasonable, mutually acceptable an: 
thereby enforceable parameters, rules 
and regulations may be promulgated 
If industry does not actively, honestly 
and seriously consider the answers to 
the above questions and does not insist 


m at least advisory participation in the 


ulation of policies and technical! 
letails relative to such rules and regu 
lations and their administration, ther 


stry cannot justifiably complain o 
regulations imposed upon them. Th: 
answers to the above questions are so 
basic to the problem of pollution abate 
ment confronting industry that they 
are worthy of organized industrial co 
ideration Those investigating the 
indamentals relative to these ques 
tions should have both the guidance 
and support of industry as well as 


rovernmental agencies 


Refinery Problems 


The technieal problems of pollution 
abatement at the local refinery fall into 
two general categories—-correction of 
existing waste water discharges to meet 
the local requirements, and mainte 
nance of an improved waste water 
quality by the propet operation of 
stablished corrective procedures and 
acilities and the proper handhng 


treatment, and disposal, or prevention 


of new waste discharges. Obviously 
these objectives must be aceomplished 
it minimum cost 

As a result of comprehensive su 
eys of the sources and characteristics 


f wastes from refinery units, waste 


water discharges have been elassified 


4 \ 1] Wastes 
Alkaline waters 
» Waste caustic 


6. Condensate waters 


7. Special chemicals 
8, Sludges and solids 
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4 Clean cooling water 


10. Sanitarv wastes 


As space will not permit detailed dis 
cussions of the sources and character 
istics of these various types of wastes, a 
selected bibliography is appen ed for 
those who may be interested in addi 
tional detail 

The abatement of pollution by oil 
is the refiner’s number one problem 
Free oil originates from leaks, spills, 
tank drawoffs, processing operations, 
and maintenance and repair activities 
in almost every part of the refinery. 
It will find access to all except special 
process sewers and practically all 
storm-water sewers Consequently, 
nearly all waters flowing from the re 
finery must be collected and passed 
through an oil separation device prior 
to discharge to a stream. In general, 
lean free oil may be separated from 

lean water to provide a satisfactory 
effluent. Unfortunately, both the waste 
‘il and the waste water generally con 
tain suspended solids, presence ol 
which frequently results in the forma 
tion of suspended solids-oil agglomer- 
ates that make it impossible to obtain 
i satisfactory oil content in the effluent 


from an oil-water separator of reason- 


ible size. The possible effectiveness of 


eravity differential separation devices 
may be determined by carefully hand 
ling and settling a sample and then 
determining the oil content of the cen 
tral 50 per cent layer. A standardized 
procedure for ruaning such an analy- 
sis is known as the ‘‘susceptibility to 
separation’? test, which has proven a 
valuable aid in analyzing oil pollution 
abatement problems because it will in 
licate the presence of non-separable 
suspended solids-oil agglomerates and 
ir emulsions Obviously emulsions 
are not removed bv gravity differ 
ntial separation devices, so they must 


be elimi “| from the sewerage svs 


tem discharging to simple sey 


treatment fa ities 
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Pilot plant investigations have dem- 
onstrated that the biological filter is 
an effective device for removing oil 
from effluents containing up to 100 
p.p.m. and possibly more, and that 
flocculation using aluminum or iron 
salts, either with or without coagulant 
aids, is a highly effective process in 
removing high concentrations of both 
suspended and emulsified oils. Full- 
scale plant operation of an automatic 
backwash sand filter has produced ex- 
cellent results in treating waste wa- 
ters from a tank farm and loading area 
handling oils of high specifie gravity. 


Emulsions 


Oil-in-water emulsions may result 
from the water washing of acid-treated 
lubricating stocks following neutrali 
zation; from barometric condensers ; 
from the steam distillation of crudes; 
from the washing of acid-treated light 
oils; from dewaxing processes and wax 
tailings tanks; from hot oil pump 
gland leakage; from barrel, tank, ve- 
hicle and ship cleaning operations ; and 
from the manufacture of special chemi- 
cals. Concentrated emulsions, such as 
those from the water washing of lu- 
brieating oils, can best be treated at 
their origin by various physical and 
chemical processes. Others can be re- 
circulated in closed systems for re-use, 
and in still other cases chemicals can 
be added to the water or product to 
prevent the formation of emulsions. In 
some cases, there are so many widely 
separated small sources of emulsion 
that the flocculation treatment of the 
plant effluent provides the most satis- 
factory solution to the problem. It is 
obvious that the solution to a specific 
problem cannot be expressed by a gen- 
eral formula. 

Water-in-oil emulsions originate pri- 
marily from tank bottoms and waste- 
water separators. They may be re- 
solved by heat treatment, chemical 
treatment, vacuum filtration through 
diatomaceous earth, or combinations 
of these procedures. Waste waters 
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with high oil, suspended solids, and 
oxygen demand contents result from 
the heat and chemical emulsion-break- 
ing processes. 


Acid and Alkaline Wastes 


Acid sludges and acidulous waters 
originate from the sulfurie acid treat- 
ment of lubricating and light fuel oil 
stocks and from alkylation processes. 
The acid sludges are generally hydro- 
lyzed or decomposed for the recovery 
or manufacture of sulfuric acid. The 
acidulous waters may be used in acid 
manufacturing processes, but usually 
require treatment. Hydrofluorie acid 
wastes are neutralized with lime so as 
to form insoluble calcium fluoride pre- 
cipitates. 

Alkaline waters originating from the 
water washing of acid-treated and 
caustic-neutralized oil stocks are gen- 
erally more troublesome because of 
their emulsified oil content than their 
alkalinity. Alkaline waters accumu. 
late in gasoline storage tanks as a re- 
sult of the caustic and water washing 
of that product. They contain oxygen- 
consuming and taste- and odor-pro- 
ducing compounds, as well as relatively 
high alkalinity; therefore, they can 
best be collected and treated sepa- 
rately. 

Waste caustics originate from the 
caustic washing of gasoline and light 
fuel oils to remove hydrogen sulfide, 
mercaptans, and other acidie constitu- 
ents. The wastes may have astronomi- 
cally high odor thresholds, 5 to 20 
per cent B.O.D. values, 0.5 to 3.0 per 
cent alkalinity concentrations, and 
high sulfide values. In some eases, 
such materials may be utilized as a 
source of phenolie or naphthenic com- 
pounds. In practically all cases they 
should be treated locally to separate 
the major contaminating constituents 
prior to discharging the water layer to 
the plant sewers. The separated oily 
layer may be utilized as a by-product 
or as a fuel. Under the best of pre 
treatment conditions the water laver 
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will contain higt phenol and B.O.D 


ntents. so must be handled with cau 


10} Fortunately, the this 


volume of 


waste is low. Experimental 


work was demonstrated that dilute 
waste caustics may be satisfactor 
treated by biological oxidation pro 


eSSES 


Other astes 


Condensate waters originating fromm 
distillate separators and running tanks 
are generally solutions of 
polysulfides At 
also have high phe nol contents 
thes black 


oxidizes precipitates eolloida 


ammonia 
locations they 
When 


wate! 


some 


produce 
which 
sulfur, and eauses high turbidity An 


blowing of these waters will strip off 


and hvdrogen§ sulfide and 


ammonia 


produce a highly turbid effluent. Good 


juality waste water may be produced 


by the alum flocenlation of these ai 


blown effluents 


Special chemicals originating fromm 
solvent extraction processes and spe ial 


chemical manufacture are genet! 


high-cost materials. Therefore, special 
ollection and recovery equipment can 
he justified 

Sludves from water treatin: pro 
esses. tank bottoms, a id treating op 
erations, ete., as well as granular ma 
terials like coke filt lav. ane spen 
atalvsts, must be cept out 


plant sewers heceaus: of 


causing sewer 
obstruetions and because of the inter 


ference of suspended matter wu 


separation 


Clean cooling water should not be 
discharved into dirtv-water sewers 
i the re-use Ot SU waters bv 
lati n over coolit towers appears ft 
be ti st economu il way hear 
ng this disposal problem. At 
location sp il lean-water 
al eonome illy 

Sanitarv wastes originate fron 

ms and toilet facilities located 1 
il! rts the refinery, i! 
r more centrally located restaurants 

rleterias Lar refiner 
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fronted with the problem of providing 
separate sanitary sewage collection and 
treatment facilities have had to spend 
millions of dollars on this phase of 


waste treatment alone. Some munici 


for example, Philadelphia 


will accept 


palities 
neither industrial wastes 
nor sanitary wastes from a petroleum 
refinery 

In general, the refiner is confronted 
with the problem of large numbers ot 
small sources of wastes, no one source 
being large enough to warrant localized 
collection, treatment, recovery, or util 
zation procedures, but the aggregate of 
water of 
character 
istics to necessitate treatment in addi 


all sourees creating a waste 


just sufficiently obnoxious 
tion to gravity differential oil separa 
tion In some cases, the collection and 
segregation of a few particularly bad 
sources eliminates the need of second 


cases, the co 


ary treatment. In all 
operation of operating personnel re 
duces the problem of waste treatment 

The provision of procedures and fa 
cilities adequate to handle the problem 
existing today is helpful, but is not the 
final answer to the refiner’s pollution 
abatement problem. The petroleum in 


dustry is a dynamic industry; process 
being made daily. It be 
then, to 
the 


engineering, 


changes are 


comes necessary, coordinate 


the activities of research and de 


velopment, operating, 


repair, and waste 
that 


process change is given due 


maintenance and 


control personnel so each new 


process or 
relative 


consideration 


potential It 


to its pollution 
is necessary to maintain 


a continuing educational program so 
that operating personnel will maintain 
losses to a 


that 
intelligent 


interest in keeping mint 


mum It 1s well 


trained 


Imperative 
conscientious and 
personnel be 


prov ided for operating 


the waste treatment and control fa 
cilities under the direction of a waste 
eontrol group. The waste control group 


up of 


competent, alert, 


must be made interested, well 


trained ACUTeSSIVE 
and congenial personnel to assure 
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proper cooperation with operating per- 
sonnel and to insure satisfactory pol- 
lution abatement at minimum cost. 
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Industry 


Discussion 

Question:—On the average, what 
can be expected, in parts per million of 
oil, in the effluent from an A.P.I. sepa- 
rator? 

Mr. Weston:—The answer to that 
question is: How deep is a well? It 
depends entirely on the type of ma- 
terial applied to the separator. An 
A.P.L. separator will remove from 90 
to 95 per cent of the removable oil; 
but there is the catch—all the oil going 
into the separator is not removed. 
Therefore, if the efficiency of the sepa 
rator is determined on the basis of 
what goes in and what comes out, it 
could have zero efficieney or it could 
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have 95 per cent efficiency, depending 
on the characteristics of the influent 
material. 

We are advising all who have prob- 
lems with oil separations to run the 
‘susceptibility to separator test’’ 
previously mentioned. A sample is 
collected and, handled as carefully as 
possible, allowed to stand for one-half 
hour. The middle content is then re- 
moved and the same test run on it. 
If great separation is not apparent in 
the second phase, a gravity differen- 
tial separator may have a chance. 
However, if the oil content in the see- 
ond phase is too high, the separator 
should only be used to collect oil as an 
economical procedure, not as a waste 
treatment procedure. 

W. 8S. Wise, Hartford, Conn.:-- 
Usually there is a combination of the 
floating oil and emulsified oil. Has 
the oil industry done any work in try- 
ing to de-emulsify those oils, so there 
will be less going out into the stream ? 

Mr. Weston:—Emulsions originate 
from a number of different locations 
within a refinery. Where there are 
concentrated emulsions, of course, they 
are treated locally; the oil is recovered 
and the emulsion-free effluent is dis- 
charged in sewage. However, where 
the emulsion is formed within the sew- 
ers, from a large number of small 
sources, chemical flocculation is neces- 
sary. 

C.J. Matthew, Cambridge, Mass. :-— 
Has the oil industry done much work 
on the use of an effective absorbent to 
remove small traces of oil from pollu- 
tion of streams? 

Mr. Weston:—Although a little work 
has been done in this direction, the 
opinion has more or less been that de- 
veneration of such an absorbent would 
probably make its use uneconomical. 
I know of no actual economie studies, 
but that has been the general impres- 
sion. 

In reference to the removal of traces 
of oil, we do have in operation an au- 
tomatic backwash sand filter that is 
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doing an excellent job on the removal 
f oils of high specific gravity that 
will pass throueh an ordinary gravit. 


Also under 
s a biological filter and 


odd as it may seem, excellent oil re 


differential-ty pe separator 


investigation 


obtained 
Enslow. New York, N. Y 
what is the moat 
emical? 


Vr. Weston Almost 


ulat neo 


Foetiy } 
anv of the 


agents used in water treat 


ment plants The only disadvantage 
with t alum is that it presents a 
relatively large floceule to start wit] 
Addition of oil makes the floc that 
* h larver. and the overflow rate of 
the tank has to he w atched 

Ur. Enslow Is any sort of clay 
ised ? 

Vr. Weston:—Yes. Clay has been 
tried as a weighting agent. It worked 
itisfactoril Activated silicate 
very effective as an acid 


Hoak, Pittsburgh, Pa 


Would it he practical to use precipi 
tated fer hvdroxide as an absorbent 
} 


ng up final traces of oil 


Vy Weston: Anything 


mgulant can 


that will 
be used effec- 
tivels One of the methods for de 


termining oil involves the absorption 
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Mr. Hoak:—It has been mentioned 
that one of the difficulties in using ab- 
sorbents was the recovery and the re- 
Freshly 


precipitated ferric hvdroxide would be 


generation of the absorbent 


an inexpensive material that would not 
have to he recovered. 

Vr. Weston:—TIt still presents a dis 
posal problem as sludge is involved. 
What is 


industry 


Question: being done in 


the 


to phenol 


with 
there 


petroleum 


respect 
wastes? Are any 
practical ways of eliminating phenols 
within the process? 


Vr Weston:—The 


previously 


biological ex- 
are 
trying to remove 


periments mentioned 


f the 
phenol 


purpose of 


Question:—Was it intended to leave 
the impression that filters 
eould be supported by low concentra 


biological 


tions of oil refinery wastes? 

Wr. Weston: Actually, there is in 
the waste organic matter that will sup 
biological filters 
incidental, but 
the efficieney of the oil removal is good 

J. A. McCarthy, Lawrence, Mass.: 
Nothing has been said about the claims 


rrowth on 


removal of oil is 


port the 
The 


being made for the use of gases in re 


moval of oil. There has been a great 
deal of talk about oxygen, use of which 
than 


IS reported TO rednee oil to less 


0.07 
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Oxygen Demand by 


Permanganate Method 
Wauter A, LAwRANCI 


[The svstem of control of the no l 


tion in the Androscoggin River, which 
is based on regulating sulfite pulp pro 
duction at two widely separated paper 
1 thy nse of sodiun nitrate to 
river odor conditions many miles from 
is OI tion of }) it i? 

method for the termination of p 

tion id at many samplir stations 


presence of many dams with very dif 
the effi- 
require 


ferent retaining times, and 


f sodinm nitrate 


ent 


lecisions based on conditions as they 


The dichromate-sulfurie acid method 


has been experimented with and found 
to vield 


sults. but for work on 


reasonably reproducible re 
the 


coggin River the use of potassium per- 


Andros 


manganate solutions gives more in 


formation with less expenditure of 


time and effort than 


any similar test 
laboratories. the use of 


In some per 


manganate to obtain oxvvren-consum 


|] 
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Lou 
In ff 
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With a variable pollution load, the 
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ing power of pollution has been dis- 
carded or is rarely used because the 
B.O.D. method yields results more in 
harmony with actual experience. How- 
ever, examination of water from a 
stream containing principally indus- 
trial wastes may reveal that the 
B.O.D. values are misleading or require 
supplementing with other oxygen con- 
sumed data. 

Of the many objections to the B.O.D. 
method, the time required to obtain 
results is perhaps one of the most im- 
portant. A delay of 5 days may not 
be important where pollution loads are 
fairly constant and a sufficient back- 
log of experience is available, or where 
performance records are 
However, under rapidly changing con- 
ditions due to temperature, flow, or 
load, or any combination of these, a 
reliable rapid method is a necessity. 

Permanganate acid solution 
usually oxidizes more of the organic 
matter present in the water than do 
micro-organisms, but with water that 
is highly contaminated with sulfite 
liquor the hot and cold oxygen con- 
sumed values are very informative. 
When interpreting the results ob- 
tained by this method, consideration 
must be given to the fact that per- 
manganate solution at room tempera- 
ture not only oxidizes sulfides, nitrites, 


necessary 


ferrous iron, ete., but may partially or 
completely oxidize some organic com- 
pounds, especially those catalyzed by 
manganese ions 

The permanganate method for oxy- 
gen consumed is employed with An- 
drosecoggin River water for the pur- 
pose of obtaining: 


1. Rapid results. The determina- 
tion may be made in less than 1 hr., 
and if carefully planned, 4 samples 
ean be tested in an hour. The pro- 
cedure in the 4 laboratories testing 
samples from this river is to determine 
the oxygen consumed from permanga- 
nate (4.0 g. per liter) at room tem- 
perature to a 3-min. end point, then 
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the amount consumed hot by the usual 
30-min. period of heating. No diffi- 
culty has been experienced in corre- 
lating the data from one laboratory 
with that of the other. For field work, 
a small portable gasoline stove is em- 
ployed. 

2. Cold When an effluent 
contains readily oxidizable inorganic 
compounds (such as sulfurous acid. 
sulfites, etc.), the magnitude of the 
oxygen consumed at room temperature 
and the decrease which occurs at defi- 
nite time intervals furnish a basis for 


values. 


estimating the oxygen requirements 
for the inorganic loads in the area 
under investigation. In the Andro- 


increase in the cold 
when the dissolved 
oxygen is very low, indicates the ap- 
pearance of hydrogen sulfide. 

3. Evaluation of pollution load. 
The cold and hot values enable an ex- 
perienced observer to evaluate the ex- 
tent of the pollution load and some of 
its characteristics. If necessary, it is 
possible to do this within 1 or 2 hr. 
after sampling. 

4. Time of 


Pond an 
determinations, 


scoggin 


passage. Oxygen con- 


sumed results have been obtained at 
many different stations along the 
Androscoggin River and Pond and 


used to determine the time of passage. 
(Sewage Works Journal, 20, 5, 881; 
Sept., 1948.) 

5. Oxygen actually utilized by the 
stream. The difference the 
oxygen consumed values obtained at 
two distant locations, with due allow- 
ance for time of passage, measures the 
amount of oxygen utilized in that por- 
tion 


between 


of the river. For distances in 
volving 1 or 2 days, these data are 
often more useful than caleulations 


made from B.O.D.’s. 

6. Reaeration. consumed 
data, together with those of the oxygen 
utilized in a given area, and dissolved 
oxygen entering and leaving the re 
gion, provide a basis for calculating 
reaeration rates. 


Oxygen 
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This method, like all others, is 
as an to judgment. The actual 
values obtained by any procedure are 
but they 
intelligently, they may be 

Man should be the master 
of his tests, and not their slave. 


ised 
aid 
important, unless are ap 
praised 

worthless 


Progress of Studies 


Don E. BLoopGcoop 


A discussion of the disposal of the 
wastes from the paper industry sounds 
the activities of the 
National Council for Stream Improve 


like a report on 


ment; and so it is, because the coordi- 
nated workings of this organization of 
90 per cent of all paper manufacturers 
the work 
done on the disposal and/or utilization 
The 
the 
are many and 


is practically all of being 
of paper mill wastes in America. 
from the manufacture of 
product called 


wastes 


are all different in physical and chem- 
ical There the 
sulfite, the sulfate, and the soda proc- 
that 
chemical 


characteristics are 


ean he considered 
Ther 


ical proce 


esses largely 
there are the mechan 


such as grinding, pres 


sure cooking, beating, and washing 

Further, there are processes that com 
bine mechanical and chemieal meth 
ods. The materials used in the mannu- 


facture ot paper are wood. straw flax, 


jute, hemp, rags, and old paper stock 


Combinations of and 
in waste waters with such 


characteristics that the treat- 


materials proe- 


esses result 
different 


ment processes employed must be modi 


fied or be entirely different in each 
case 
The N.C\S.[. is carrying on research 


the 


wastes from the 


the 
processes as 
the effects 
the 
tially treated, or raw wastes 


with handling of 
several 
well as studvir upon the 
treated, par 


Studies 


streams receiving 
have been made on the disposal of the 
wastes from processing rope, rag, and 
jute, as well as methods for treating 
waste water from thi 
the 


white water (the 


paper machines); on storage Ox) 
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dation process as applied to the treat- 
ment of kraft mill the 
wastes from the de-inking process; on 
the the 
process; on waste 


wastes; on 
wastes from semi-chemical 
the sulfite liquor 
problem (growth of fodder yeast and 
filamentous molds are being tested as 
suitable means for the disposal of this 
and on the effect of sulfite 
pulping wastes on the famous Andro 
seoggin River. 


waste 


It has been found that kraft mill 
wastes are the only pulp and paper 
mill wastes that contain toxie sub- 


stances that are detrimental to aquatic 
life. Extensive studies on the effect 
of these wastes on fish life have been 
made. 

Our investigation on  strawboard 
wastes has progressed to the second 
pilot plant stage. The earlier studies 
proved that the trickling filter was not 
suitable treatment of 
thorough 


strawboard 


for 
wastes. A laboratory in- 
vestigation of the anaerobic treatment 
of strawboard waste was carried out. 
The these showed 
that strawboard waste water with 963 
p.p.m. B.O.D. could be reduced to pro- 
duce with 80 p.p.m. B.O.D 
The time taken to accomplish this was 


results of studies 


effluents 


less than two days at 37° C. tempera- 
ture. At 30° C., the average tempera- 
ture of the waste from a mill, efflu- 


ents averaging 87 p.p.m. B.O.D. were 


obtained with influents averaging 925 
p.p.m. and detention 
1.9 and 3.8 days 
the 
proportional to 


times between 
The amount of gas 
produced in 
directly 

of B.O.D 
the 
made during the past year at the Terre 


Haute (Ind 


decomposition 
the 
removed in the process In 


was 
amount 


ilot plant studies that have been 


Paper Co., a more con 
centrated waste has been treated 
The more coneentrated waste (2,400 
p.p.m. B.O.D was obtained by 


segregation of the beater and machine 


waste waters. Comparable reductions 
in pounds of B.O.D. per eubie foot of 
tank 


ind pilot 


obtained in the 
plant. The 


were laboratorv 


B.O.D. of the 
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efluent from the pilot plant was found 
to be higher in about the same pro- 
portion as the B.O.D. in the influent. 

The sludge obtained in primary 
settling still remains a problem. It 
ean be dewatered when treated with 
alum or ferric chloride, but the large 
quantity of lime in the sludge makes 
the chemical requirement very high 
Further studies on sludge disposal 
methods must be undertaken. Sug- 
gestions for possible solutions to the 
sludge problem will be welcomed. 

Further laboratory studies are be- 
ing made to determine, if possible, ex- 
actly what are the soluble organic 
compounds strawboard wastes. 
These compounds have been generally 
classified as sugars and lignin. A more 
complete classification may be helpful 
in developing more efficient methods of 
disposal or possible uses for these com- 
pounds. 

It is apparent that it takes effort, 
patience, and money to make progress 
in the disposal of industrial wastes. 


Discussion 

W. S. Wise, Hartford, Conn.:—Has 
any work been done on B.O.D. removal 
by just plain sedimentation, and what 
can be accomplished by the addition 
of flocculating agents, like alum, ete.? 
Are any figures available on B.O.D. 
removal by those treatments? 

W. Rudolfs, New Brunswick, N. J.: 

Plain sedimentation of fiber waters, 
removing, say, 95 per cent of the sus- 
pended solids, reduces the B.O.D. from 
17 to 22 per cent. When alum or co- 
agulants are added, B.O.D. may be 
reduced as much as 35 per cent, the 
ultimate being some three or four re- 
sults obtained at a commercial installa- 
tion, where as high as 87 per cent 
B.O.D. reduction is claimed. The val- 
ues cited varied from 17 to 87 per cent, 
with the average around 70 per cent. 
That is the extent of the known knowl- 
edge about B.O.D. removal. 

Vr. Lawrance:—The maximum 
B.O.D. removal we have been able to 


obtain is somewhat lower; 25 to 30 
per cent seems to be about as much 
reduction as we can possibly obtain 
by any combination of known methods 

T. R. Camp, Boston, Mass. :-—Our ex- 
perience in a number of paper mills 
indicates that the white waters are 
relatively insignificant as a problem. 
Adequate ‘‘save-alls’’ are usually all 
that is required, and it pays to put 
them in to refine the fiber. 

The real problem is the cooker liq- 
uors, which account for from 60 to 95 
per cent of the B.O.D. Very little 
B.O.D. is associated with the white wa- 
ter, and relatively small amounts of 
B.O.D. are associated with the second 
and third rinse waters. Most of it 
comes with the initial rinse and the 
cooker liquors. We have tried coagu- 
lants of various types on cooker liquors. 
It is found that some types of chemi- 
cals give very good elarification, but 
the effect on B.O.D. is relatively in- 
significant, both with sedimentation 
and with coagulation followed by sedi- 
mentation. Treatment of cooker liq 
uors with trickling filters, and by acti- 
vated sludge, will give as good 
removals as can be had with sewage. 
Addition of nutrients and phosphates 
makes a considerable difference. With- 
out nutrients, B.O.D. removal is about 
15 to 25 per cent by activated sludge 
or by trickling filters; with nutrients 
added, up to 95 per cent removal can 
be attained without much trouble. 

Dr. Rudolfs:—Mr. Chairman, it is 
quite obvious that the B.O.D. cannot 
be removed from the white waters, 
because the B.O.D. is practically all in 
solution; so enough chemicals must be 
added to precipitate it. The use of 
biological methods for the removal of 
suspended solids does not solve the 
pollution problem 

Mr. Wise:—I must take issue with 
Mr. Camp's statement that save-alls 
are usually the only thing necessary in 
the treatment of white waters. Ex- 
perience in Connecticut has demon- 
strated that none of the save-alls in 
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operation there turn out effluent with 
less than 1 or 1% Ib. of suspended 
solids per 1,000 gal. For a plant turn 


PLATING AND METAL 


Problems Involved 


E Coot ER 


It is desirable to emphasize immedi 


ately that evanides used in the electr 


plating and metal-hardening industries 
are perhaps the most toxic waste prod 
uets produced by industry. Exact tox 
icity values are still being determined 
for many evanide salts and there is 
considerable disagreement among vari 
us authorities as to the limiting con 
centrations which can be tolerated in 
streams and sewage treatment plants 

Although hampered by this lack of 
exact knowledge, there appears to be 
1 nation-wide desire by governmental 
nforcement agencies to establish spe 
ic restrictive values or limitations on 
the cvanid, content of industrial efflu 
nts. Without commenting on the gen 


ral wisdom of establishing such spe 


regulations, T should like to urge 
strongly that representatives of the 
technical societies of the electro-plating 
and metallurgical industries involved 
be invited to give their econnsel and 
“issistance in the preparation and be 
fore any such regulations are adopted 
\ case in point recently occurred 

Mik h ral Placued by i succession 
of recurrent fish killings throughout 
the State, thought to result from the 


licious handling and disposal of 


wastes, a State regulation was 


tentatively proposed designed to limit 


the evyanide coneentration in anv efflu 
nt to 1 p.p.m. and in any flowing 
stream to 0.1 p.p.m. At public hear 
ings held to diseuss the proposed regu 
lation, numerous complicating consid 
erations were advanced, with the result 
that the regulatory body formed 

Committee, in which the industrv af 
fected was well represented, to assist 


in writing a more comprehensive and 


ing out 4 m.g.d. of that waste that 
means from 4.000 to 5.000 Ib. of fibers 
going into the stream per day 


LURGICAL WASTES 


acceptable regulation. As vet the Com- 
mittee has not completed its work, but 
a few points brought out during the 
deliberations were of such general in 
terest that they bear repeating here 

The original draft of the regula 
tion was framed to regulate carefully 
the cyanide content of rinse waters 
continuously discarded during normal 
operations. These rinse waters contain 
very low concentrations of plating salts 
and should be carefully differentiated 
from concentrated baths. In studying 
the records of the 78 or so fish killings 
over a period of 3 years, it was learned 
that not one oceurred from rinse wa- 
ters—all resulted from the accidental 
or intentional diseard of strong plating 
baths. Thus, it would appear that the 
engineering effort required to handle 
the waste problem should be directed 
toward means of controlling the loss 
of concentrated baths, rather than to 
ward rinse water treatment. It is 
along these latter lines that the Com 
mittee is now working 

Another important consideration 
of general application which was 
brought out, is the desirability of sup 
plementing all specific standards with 
the laboratory method on which control 
of the standard will be determined 
In the case of plating salts, this is ex 
tremely important, as the refinements 
in the laboratory methods of analysis 
have not as yet entirely caught up wit! 
the limitations imposed 

One of the newer approaches to re 
ducing the waste problem in electro 
plating operations is the complete 
elimination of eyanide from the plat- 
ng baths. This is brought about by 
substituting the pyrophosphate salts of 
metals in place of the metal evanides 
These salts are relatively non-toxie and 
much of the pollution hazard in main 
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taining cyanide baths is removed. The 
toxicity of rinse waters is vastly re- 
duced at the same time. 


Metallurgical Wastes 


Metallurgical wastes consist of all 
wastes produced in steel operations in- 
eluding those from blast furnaces. coke 
ovens, rolling mills, ete. Chief among 
this host of waste is waste steel pick- 
ling liquor, a_ solution of ferrous 
sulfate in sulfuric acid of varying 
strengths. The literature is replete 
with various disposal processes and 
practices; thus, only the late work 
representing our contribution to a so- 
lution of the problem will be men- 
tioned. 

The Ford industries have been work- 
ing the past two years with the cities 
of Detroit and Dearborn on the use of 
raw waste steel pickling liquor as a 
sewage sludge containing agent. In 
this process, waste steel pickling liq- 
uor is added with lime to either pri- 
mary or digested sewage sludge prior 
to vacuum filtration. The sludge is 
satisfactorily conditioned and_ filter 
yields have been consistently compar- 
able to those obtained by using ferric 
chloride. The filter cake is slightly 
drier, and a 6-month pilot operation, 
handling 2,500 tons of dry solids at 
the Detroit sewage treatment plant, 
brought out no contra-indications to 
its use. 

In general, use of pickling liquor 
requires two to three times as much 
iron as when using ferrie chloride. 
However, this is of little consequence, 
as the pickling liquor is relatively so 
much cheaper. The additional lime 
used is very slight, as in conventional 
sludge conditioning practice excess 
lime is often used with ferric chloride. 
Little or no mechanical change is re- 
quired in the sewage plants, other 
than increasing the available chemical 
storage to handle the more dilute pick- 
ling liquor. 

In the steel mill, extensive changes 
have been required in providing stain- 
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less steel heat exchangers, pumps, and 
pipelines, along with acid-proof storage 
and loading facilities. The material is 
to be transported to the sewage plants 
by means of tank trucks. 

Some of the plant-seale results of 
the work at Dearborn have already 
been reported.* Data for the 6-month 
plant-scale test at Detroit has not been 
published as vet. 

The modern trend in steel pickling 
appears to be the use of much higher 
concentrations of acid, which produce 
faster pickling rates and apparently 
eliminates the undesirable inhibition 
effects of the ferrous sulfate. The 
result is a waste containing a higher 
acid and lower iron content, so that 
acid recovery processes may now be- 
come economically attractive to steel 
mills. 


Some Plant Descriptions 
S. Wise) 


This discussion briefly describes a 
few of the treatment plants in oper- 
ation in Connecticut, in such a way as 
to indicate the flexible policy of trying 
to fit each plant to the local conditions 
and to reasonable requirements of the 
specific receiving waterway. 


Plating Wastes 


One plating plant produces acid 
eyanide wastes in one department and 
alkaline cleaning and enameling wastes 
in another department, these wastes 
being carried to the treatment plant 
site through separate drains. The acid 
wastes, which have a cyanide content 
of about 20 p.p.m. and a pH between 
1.7 and 4.0, are run into two baffled 
lagoons, operated in series, with a 
combined detention of about 72 hr. 
Here most of the evanides are volatil- 
ized or hydrolyzed. The acid effluent 
from the second lagoon flows into the 
alkaline wastes drain and the mixture 

* Groen, M. A., ‘The Use of Steel Pickling 
Liquors for Sewage Sludge Conditioning.’’ 


Sewage Works Journal, 21, 6, 1037 (Nov., 
1949 
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is discharged into the final large baffled 


where substantial neutraliza 


lagoon 


tion takes place 


with precipitation of 
metals. The final effluent 


with a evanide eon 


most of the 
around 1 p.p.m. and the 
river dilution reduces this coneentra 


tion usually to 0.1 p.p.m. or less The 


agoons are located in sandy soil so 
that some seepage takes place How 
eve the seepage does not in any way 


‘or private water sup 
ply he lagoons are usually cleaned 


of sediment during the summer va 
ation shut-down period 


Another pl 


Wastes 


iting plant pumps its 
containing chromium, evanide, 
into 


circular wooden tanks 


copper, zinc, and other materials 
ight 20,000-val 


equipped with propellor mixers As 
ach tank is filled, simple tests are run 
and suecessive additions are made of 


and lime 


and chromate reduction 


sulfuric acid, barium sulfide 


for evanide 


and precipitation of the metals, which 


takes place in about a 4-hr. settling 


period. Reduction of the high chromi 
um content is accomplished by precipi 
tation with beryllium sulfate The 
effluent is decanted through a swivel 
rm drawoft pipe to the stream Ihe 
sludge is re-used for a number of ad 
ditional treatments and is finally 
hauled away in a tank truck for suit 
ible disposal because of insufficient 
irea for sludge drving beds or la 
MOTIS 


Another plating plant has just built 


a PO.000 i waste treatment plant 
f very ftlexib] lesign The wastes 
are discharged into a receiving pit, 
trom wil nh thev are pumped to one 
f thre 10.000-¢al.. eonerete 
tanks. stic soda and chlorine are 
pump suction line for 
pH correction ar inide destruction 
If tests indicate insufficient treatment 
n the tar the ntents ean be part 
ally r entirel irculated or mixed 
vith wastes al retreated, o1 
additiona itals can be added t 


AND INDUSTRIAL WASTES 


the tank and the contents mixed with 
a propellor mixer, and then allowed to 
settle for a period sufficient to get com 
plete precipitation. The effluent is de 
‘anted through a series of fixed draw 
off pipes to the stream and the sludge 
is dried on sludge beds 

Another 


signed for the treatment of wastes from 


installation is being de 


the plating department of a large 
plant on the basis of treating only the 
A thorough 
that 
the rinse waters were sufficiently dilute 


spent concentrated wastes. 


study and investigation showed 
in cyanide and metal content to permit 
into the 


ing river without treatment. 


their discharge large receiv- 
Gravity 
drawoff pipes will be completely elimi 
nated from the 


and treating baths and the 


concentrated plating 
contents, 
when spent, will be transferred from 
the bath to a portable tank by means of 

portable pump, both mounted on an 
They will then be 
transported to the proper tanks at the 
treatment plant, where chlorine, sul- 
fur dioxide, and lime will be used to 
and metals. The 
clarified effluent will be discharged to 


industrial truck 


remove evanides 


the rinse water drain and the sludges 


to lavoons 


Pickling Wastes 


Kor the past fifteen years steel pick 
ling wastes, both spent acids and rinse 
waters, have been treated in one plant 
effluent 


fishing stream 


discharges to a 
The 
equalized in a large tank, then lime is 
continuously added, as they flow to 
the treatment plant for flash mixing 
and settling in a mechanically cleaned 
clarifier. The effluent is discharged di 


rectly to 


W hose 


small 


trout wastes are 


sludge is 


the stream and the 


unto lagoons. A considerable amount 


f the dried 


sludge is used for the 
purification of illuminating gas 


Steel pickling wastes at another 


plant are being continuously neutral 


red automat oll control devices 


feeder. The neutral 


perating a lime 
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ized wastes are run to lagoons and the 
clarified supernatant, which does not 
seep into the sandy soil, overflows to a 
stream. The sludge will be removed 
from the lagoons as the needs require. 

At still another plant, brass pick- 
ling wastes are being neutralized to a 
pH of about 5.0 and discharged to the 
municipal sewer system. At this pH 
the wastes will not be detrimental to 
the sewer system and it is expected that 
the metals will be beneficial to the de- 
watering of the raw sludge by vacuum 
filters at the new treatment 
plant under construction. The neu- 
tralization is accomplished continuously 
by pH control equipment automatically 
operating a lime feeder. 

Pickling wastes from the large brass 
and copper plants using millions of 
gallons of water per day have been 
successfully treated in pilot plants 
using lime for neutralization and sul- 
fur dioxide for reducing the hexavalent 
chromium to the trivalent form. The 
sludge has been processed in the lab- 
and the copper, zine, and 
chromium recovered for re-use. The 
process appears practical and promis- 
ing, with the value of the recovered 
metals nearly equivalent to the treat- 
ment Plans are being made for 
installing a metals recovery pilot plant 
for obtaining more complete data. 

Ion exchange have 
utilized on a small seale for concentrat- 
ing the metals in the dilute rinse waters 
from brass and copper plants. Almost 
complete removal of copper and zine 
found However, substantial 
amounts of hexavalent chromium in the 
wastes caused considerable corrosion of 
the with resulting poor re 
movals. This work is being continued 
and the solution to some of these diffi 
culties appears imminent.  Investiga- 
tions have that about 85 per 
cent of the acids and metals are lost 
in the large volumes of dilute rinse 
waters and only 15 per cent in the 
Coneentration through 


sewace 


oratory 


cost. 


processes been 
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shown 


acids 


spent 
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ion exchange therefore, 
would be very beneficial in the treat- 
ment and recovery of these wastes. 

A number of industrial waste treat- 
ment processes have been developed 
and a number of plants have been de 
signed, built, and operated. Experi 
ence has shown that these phases of 
the problem are comparatively simple 
to solve, as compared to the difficulty 
of securing management’s proper view 
point toward treatment and 
good operation and maintenance of the 
plants after they constructed 
Some excellently desigaed plants have 
given results because of 
operation and maintenance, whereas 
some plants not so well designed have 
produced good results with good at 
tention. Probably the most difficult 
phase of industrial waste treatment and 
pollution abatement is in getting man- 
agement to consider the cost of treat- 
ment as much a part of the production 
power, raw materials, 
labor, ete. It is equally important to 
operate and maintain the waste treat- 
ment plant with the same care as is 
used to operate and maintain produe 
tion equipment. 


processes, 


waste 


are 


poor poor 


cost as water, 


Discussion 


C. F. Gurnham, Medford, Mass.: 
The American Electroplating Society 
has been working on this general sub- 
ject for some time. Lack of a satis 
factory means of analysis for cyanides 
has been one of the major problems. 

H. Gladys Chicago, Il: 
Has Mr. Wise anything to say regard 
ing the amount of eyanide and the 
amount of chromium that can be dis- 
charged into water courses? Also, has 
either Mr. Cooper or Mr. Wise done 
any work on the treatment of copper 
and chromium cyanide waste by ion 
exchange ? 

Mr. Wise: 


Nwope, 


In Connecticut we have 


no definite standards for the discharg- 
ing of types of wastes in particular 
Those 


streams. regulations are de- 
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the specific plant on the 
pecific stream 

{ am more and more inclined to be 
eve that maybe we are a little too 


nuch concerned about the discharge 
of eyanides into streams, in the sense 
hat inide may not remain as a 
vanide for very long after it reaches 


the stream. Due to hydrolysis or some 


ical change, it will be converted to 
i jess toxic form, and maybe we have 
een too picayunish about the very low 
‘concentration requirement before the 
vaste can be put into the stream 

\s concerns ion exchange, we have 
ne a considerable amount of work in 
the Yale University 
The chromium in 


approximately 50 


researc! labora- 


tory wastes 1S 
isually per cent 
50 per cent trivalent. 
form tended to cause 
the 
exchange 


hexavalent and 


he hexavalent 
it rapid disintegration of proxi- 
for 


However, the study is being continued 


mate residues used 


and it looks as though maybe the prob 


lem can be solved or, at least, it may 
prove to be less troublesome than it 


has appeared The residues will com- 


pletely remove the copper and the zine, 


and even under the corrosion of some 
of the residues, it removed a large per 
entage of the chromium. 

Lansing, Mich.:—In 
the lagoons mentioned by Mr. Wise, is 
protection provided against per 
nto the and 


tion of the water supplies? 


Veming, 


any 
soil contamina 
In Michi 


rround 


olation 
municipal water 
lost 


St epage 


van, several 
throug! 


from 


SI ppl es have been con 


such la 


No problem is involved, 


is far as the contamination of well 
water is concerned, in the cases men 
tioned. There are no wells in the im 
mediate vicinity 

In each case, the lagoons are close to 
the small water course. Undoubtedly, 


the wastes do seep into the stream, be 


ause the natural course of the ground 


wate! se towar the hot th 


stream 
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sampling analyses don't indicate that 
t is affected in any way 

A. K. 
We are 


plicated problem, as 


Pa.:- 


com 


Graham, Jenkintown, 
with a 
far 
concerned. 


dealing very 


as the elec- 
Different 
plants have different compositions of 
wastes and different local problems to 
A very meager amount of data 


troplaters are 


meet 
is available 

There should be 
between such a group as this and those 
who are interested in the effect of what 


vers close liaison 


we do on the disposal of sanitary and 


other wastes, as well as the people who 
are interested in supplying healthful 
water. Requirements seem to 
considerably in different 
would be very helpful to those of us 


concerned with the problems of plat 


vary 
areas. It 


ing waste disposal if a standard and 


limit could be established more deti 
nitely, so that we might have some 
knowledge of what the leeway might 


be and what the restrictions might be. 

L. Cox, Wilmington, Del.:—I think 
that the Mr. Wise takes of the 
matter is quite sound, because of the 
of the 


bes ause of 


view 
treatments in local 
the difference in 
the volume of sewage, and so on. Any 
stablish limiting values for 

everywhere, would be a 


variations 


streams, 


attempt to 
all effluents 
creat mistake. 

L. H. Enslow, New Yoric, N. Y.:—In 
the matter of lagooning, eyanide and 


metallic wastes are unlike organie pol- 


luting materials; they do not disap 
pear by any biological action. There- 
fore, the real danger of this whole 


picture is that lagoons will pollute the 
strata. Onee this 
there is no hope; that 
There- 


limitations 


water 


nnderground 


nas bee n done, 


Tt d can never be recovered 
fore. lagoons have distinct 


in eyanide and metallic wastes dis 


posal when it comes to the effect on the 
supply of this country 


fact is that we don’t have the facts and 


NSawue Boston, 
t 


data to establish reasonable standards. 
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In some of the work being done at 
Massachusetts Institute of Technology, 
we are hoping to provide some of the 
facts and data, so that we can at least 
establish some standards in streams. 
The quality of an effluent need not be 
known, as long as it is sufficiently di- 
luted. If the fish in the stream are to 
be protected, we have pretty good evi- 


TEXTILE 
Problems Involved 
Josepn A. McCarrity ) 
Wool Scouring 


It seems that further study of tex- 
tile wastes simply presents more and 
more problems; however, the most im- 
portant still seems to be that of wool 
scouring wastes. The most encourag- 
ng feature of this problem is the 
zrowing realization by the manufac- 
turers of the intensity of the amount 
of waste in terms of grease, B.O.D., 
solids” discharging into the 
streams, and the large amount of val- 
lable grease, soda, and other materi- 
ils being thrown away. The last con- 
sideration, of course, is very impor- 
tant, as it presents the possibility of 
the manufacturer making a_ profit 
from his cooperation in reducing 
stream pollution. 

These considerations have brought 
about joint action in New England by 
a large group of wool scourers. Plans 
ure well advanced for a cooperative 
study of the wool seouring problem, 
to be conducted jointly by the Lowell 
Textile Institute and the Lawrence 
Experiment Station of the Massachu- 
setts Department of Publie Health. 
The project would inelude a thorough 
restudy of the present-day processes 
from the viewpoint of the manufactur- 
ers with regard to re-use, perhaps, of 
wool scouring liquor, which is well- 
known to contain large amounts of 
soaps and soda, and with a view to 
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dence to believe that the limiting con- 
centration of eyanides is 0.1 p.p.m 
If the fish and aquatie life are of no 
concern, the evidence indicates that the 
concentration of cyanide in the stream 
may be as high as 1 p.p.m. without 
interfering seriously with the chemical 
reactions responsible for stabilization 
of organic matter. 


WASTES 


otherwise reducing the load on the 
streams. The next step will be a more 
thorough investigation of the grease 
discharged in the process, both quan- 
titatively and qualitatively. This has 
arisen from the realization that there 
has been a great loss of the more valu 
able fractions of the grease. By the 
present acid-cracking and hot pressing 
method, practically the only reeovery 
has been of greasy materials melting 
at considerably less than the boiling 
point of water. Therefore, included 
in the project will be an investigation 
of methods of recovering the higher 
melting-point waxes. 

In addition, the Lawrence Experi- 
ment Station has been cooperating 
with one of the large wool seouring 
plants in a project for re-use of wool 
seouring liquor after centrifuging. 
This plant is also conducting a study 
on grease balance and the investiga 
tion has already uncovered the possi- 
bility that changes may oceur in the 
grease (such as oxidation of fatty 
alcohols to fatty acids). There seems 
to be a fair chance that either coagu- 
lation pr precipitation may yield con- 
siderably greater recovery of valuable 
grease than present methods. 

At present there are three full-scale 
treatment plants in operation in 
Massachusetts. One is using hypo- 
chlorite treatment with grease recov- 
ery. Another, using calcium chloride, 
has shown very satisfactory results in 
reducing the load on the stream: no 
attempt has been made to recover 
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SEWAGE A 
rreast In addition, there are one or 
wo treatment plants in whieh 


scour 


nws ine reated with other textile 


arbon ad oxide 
Works 
1949) is still 


manutacturers of 


ium chloride 
Jow nal, 


Sewage 


21 ] id Jan 


be n 


a t oride and the Lawrence 
Experiment Station Son york ha 
been dor n the step addition of il 
il which indicates consid 
erabl ivings n coagulants 
perime) been ma m the con 
bined use of potato starch and ealeium 
hloride with the hope that the starch 
! ht provide a satisfactory nucleus 
for floc formation; thus far the results 


indefinite We have 
considerable amount of 


in to have two full-scale 


xperiments carried on doimeg 


filtration of the 


or vacenum 
prepared by calcium 
racking Very small-scale experi 
ents indicate the possibility of fra 
tionating tl recovered orease 
° 
Other Te Wastes 
Wastes esulti irom daveiny am 
fir ! have been further stud 
d; a fairly large-seale plant usin; 
al treatment of such wastes is 
ead operation There seems t 
be a ma ad ! larity between som 
hen il manufacturing Wastes 
! e resulting from a ind a 
tinishit n that both ontai rere 
mount Which is more or les 
lift break up, and have cons 
il nts I ba ter dal mater 
iis \ Wastes al 
\ n BOD. and neither wast 
il nat ! i 
wulation. The wastes from sever 
mall plant ne smal lantity 
ts of dves well as other textile 
ipplies } present at 
fieul hiems 
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A large bleachery in Massachusetts 
s attempting to dispose of its waste by 
treatment neu 
tralization. The that 


extrem«¢ ly accurate pHi control will be 


biological following 


results indicate 
necessary Experiments indicate that 
the highly alkaline 
mixing with other 
effective 


neutralization of 


kier wastes before 


less alkaline wastes is more 
in producing satisfactory sedimenta 
tion than is acid treatment of the 


Feoay 


wastes after Addition of am 
monia to the settled wastes to produce 
a C/N ratio (or, more exactly, a 
B.O.D./Kjeldahl ratio) of 20:1, 1s 
growth 


mixing 


bringing about a satisfactory 
with promising results in 


and 


n this filter, 
removal of B.O.D 
solids 

Wastes from 
rayon, as well as the very popular mix 


suspended 
the manufacture of 


tures of rayon textiles, present rather 
difficult compat 
study of these wastes with waste 
plastic manufacture 
and the plastic 


However, a 


wastes 


ative 


resulting from 
show many parallels; 
instances show 


wastes in one or two 


surprisingly rood results from biolog 


cal treatment after neutralization 


Effect of Detergents 


use of non-lonie deter 


rents in the textile industries is hav- 
ng a serious effect as far as sedimen 


[In one plant, in 
cent of 


tation is concerned 


approximately 50 


used 


per 


the soap formerly has been re 
placed by a non-ionic detergent, a fair 
imount of removal was formerly ob 
with approximately 2-hr. set 
seem to indicate a 
cent of 


propor 


Results now 
ren oval of le SS than 5 pel 


with a large 


tion of emulsions It is interesting to 
note that in wool scouring plants 
where a large part, or in some cases all, 
f the soap has been replaced by these 


non-1onie detergents I 


more satisfactory 


rrease recover, has hee n obta ned 
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TANNING 


Some Special Problems 


(Jack E. McKer anp Tuomas R. 
CAMP) 


The type and degree of treatment 
indicated for the wastes from any tan- 
nery (or any industrial process, for 
that matter) are dependent on the re- 
quirements of the receiving water- 
course. If the wastes are discharged 
to a municipal sewerage system, pre- 
treatment is usually necessary to pro- 
tect the sewers and the municipal 
treatment plant. The methods of 
treatment are also related to the avail- 
ability of land, proximity to resi- 
dences, climate, and similar factors. 
A small tannery located along a large 
river or adjacent to the ocean, for ex- 
ample, may require no treatment of 
its wastes other than effective screen- 
ing, provided that dispersal and dilu- 
tion can be effected by properly de- 
signed outlet structures. In contrast, 
a large tannery located near a small 
stream may be required to effect a 
high degree of treatment or even re- 
frain entirely from discharging cer- 
tain wastes directly to the stream, 
even after treatment. <A decision as 
to the best method of handling wastes 
from any specific tannery can be made 
only after a careful study of all gov 
erning factors. 


Clogging of Screens, Pumps, and Pipe- 
lines 


Beamhouse wastes contain variable 
quantities of fleshings, hide shavings, 
and hair, which tend to mat and clog 
openings in screens, pumps, and pipe- 
lines. When combined with calcium 
carbonate deposits, such mats will be 
difficult to dislodge and remove. They 
may clog the drains within the tan- 
nery, the mechanical equipment of 
treatment works, or municipal sewers 
into which untreated wastes are dis- 
charged. 

The most effective remedy for such 
problems is to reclaim as much of the 
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fleshings, shavings, and hair as pos- 
sible before they reach the drains of 
the beamhouse. Such substances have 
value and can be sold for use in mak- 
ing glue, grease, rug felt, or binders. 
Even where good housekeeping and 
effective salvage of coarse material are 
performed, however, screens are still 
advisable as a further precautionary 
measure. For this purpose, bar 
screens of *,-in. to %-in. clear spacing 
should be adequate and mechanical 
cleaning devices should be installed. 
Mechanically cleaned bar racks will be 
less troublesome than revolving or 
traveling fine screens. Sereened ma- 
terial may be salvaged, incinerated, or 
buried. 


High Alkalinity and Hardness 


Hides are soaked in solutions of lime 
and a depilatory agent (such as 
sodium sulfide) to aid in the removal 
of hair. Vats containing these solu- 
tions are emptied intermittently and 
the effluent contains a high concentra- 
tion of dissolved undissolved 
lime, sulfide, and breakdown products 
of the depilatory action. Subsequent 
washings provide dilution, but also add 
to the total amount of these substances 
discharged in the combined wastes. 
Typical analyses of beamhouse wastes 
from heavy-leather tanneries show 
lime contents of 2.000 to 3,000 p-p.m. 
(expressed as CaCO,), values of 
11.5 to 12.0, and sulfide contents of 25 
to 75 p.p.m. (as 8). 

The caleium from the lime tends to 
combine with normal carbonates 
formed by the reaction of the caustic 
alkalinity with carbon dioxide dis- 
solved from the air or from products 
of decomposition to form a precipitate 
of calcium carbonate. Some of this 
precipitate can be removed by proper 
flocculation and sedimentation. Where 
such wastes are discharged to muni 
cipal sewers, however, the caleium 


should be largely removed by precipi 
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alcium carbonate 


tut ny as ¢ 
ind tt ren nder should be dissolved 
ntintie te precipitate 
and a sewers el 
iting frequent cleaning thereo! 
I} leiun mtent of beaml sf 
astes 1 t an appreciable in 
in the hardness of the receiving 
tream whet lition is low: thus, wit! 
t if on 7) to l a typical 
ner ft} nt ht increas thie 
hard f tl stream by 100 to 150 
Generally, however, tl B.OD 
n the method of handlu 
‘ t t h low stream cilutions; 
in wi ogical treatment s In 
hater met! of the eal vould 
tbe 1) pitated and rem ‘ n the 
ess 
high of wastes from the 
nhouse alone or combi id with tan 
juors will generally preclude bio 
al treatment unless the hydroxide 
ilkalinity is first neutralized with acid 
tlre Vases The Con bination of tar 
nervy Wwastt with a large volume of 
mun Ware may ake such neu 
tral innecessary as a prerequi 
sit | treatment; bu 
pretreatment nevertheless be 
t protect the sewers fron 
vosits of calerum carbonate 
E tion of Hydro 
lfide is venerally used te 
sharper or hasten the depilatory 
’ f the lime solution. The sul 
fide appears to have a catalytic effect 
n bt the disuifide linkage in 
sti in amino acid which is th 
mri i} il OMIpol ent of the kerat na 
substances which form and 1 
fain | ! the hides The ehrome 
tunnit ivht leathers is generally 
rece irver neentrations of 
d shorter liming pertods thar 
s the egetable tannnu f hear 
‘ he Son tanneries use dimethvl 
Sult s are seldom troublesome at 
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the high pH of tannery effluents and 
if settling tanks are installed to re 
nove exeess lime and settleable solids, 
nost of the sulfides will be removed 
is precipitated CaS. At two heavy 
leather tanneries in Pennsylvania, the 
removal of more than 96 per cent of 
the sulfides by sedimentation and 
equalization was observed In con- 
trast, however, the discharge of un 
settled tannery wastes to a sewer or 
a lowering of the 
pli of the waste to the point where 
H.S gas is evolved. Care must be 


stream may result i 


exercised in the use of acid or flue gas 
in the prevention of CaCO, deposition 
to assure that H.S evolution is not 
offensive. It is generally wise to re 
move most of the heavy sludge and 
sulfides 


yy sedimentation prior to pH 
adjustment The sulfide content of 
the sludge may be troublesome if 


chemical treatment is used to assist the 
dewatering of sludge, as explained 


hereinafter 
Deoruaenation of Receiving Waters 


Mixed beamhonuse and = serub-house 
bleach hous wastes from a typical 
heavy-leather tannery contain from 
200 to 2.000 p.p.m. of 5-day 20° C 
Bb.0.D.; spent vegetable tan liquors 
will have B.O.D. values of from 10,000 
p.p.m. to $5 000 p.p.m Typical com 
bined beamhouse. serub-house, and tan 
vard wastes mav be expected to have 
B.O.D. values of 1,000 to 3.500 p.p.m 
much greater than those of normal 
municipal sewages 

When neutralized and diluted as 
thev ar likely to be in a receiving 
stream, these wastes, jointly or sepa 
ratelv, are readilv susceptible to bio 
ehemical decomposition. The combined 
vastes present a well-balanced nutri 
ent for many saprophytic bacteria and 
consequently it is to be expected that 
n sufficient concentration the wastes 
will exercise a rapid deoxygenating 
effect upon receiving waters The 
same properties make such wastes 


amenable to biological treatment un 
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der controlled condition, with B.O.D 
removals of from 75 to 90 per cent 
or higher being possible. 

Where the diluting water in the 
receiving stream is not sufficient to 
prevent excessive deoxygenation by the 
tannery wastes, remedial action may 
be taken by the following processes, 
ilone or in various combinations : 


1. Floceulation and sedimentation 


2. Chemical precipitation. 
}. Biological treatment on trickling 
filters 

4. Secondary sedimentation. 

». Intermittent sand filtration. 

6. Equalization of discharge over a 
24-hr period, 

7. Segregation and evaporation of 
strong wastes (such as tan liquors). 

8S. Lagooning of strong wastes dur 
ing periods of critical low stream flow, 
the wastes to be released when dilution 
is adequate 


The best method, or combination of 
methods, for any tannery depends pri- 
marily upon the characteristics of the 


receiving stream. 


Discoloration of Reeewing Waters 


Spent vegetable tan liquors gener 
ally contain pyrogallol tannins, cate 
chol tannins, or a mixture of both 
When discharged from the tan vats 
the liquor has a reddish-brown appear 
ance and in sufficient concentration 
may impart that discoloration to the 
stream. If iron is present in the re- 
ceiving waters, however, the pyrogallol 
reacts with it t 


» form an inky blu 
precipitate, whereas catechol forms a 
dark green precipitate. The iron may 
also react with free sulfide in unsettled 
beamhouse wastes to form a black pre 
cipitate of ferrie sulfide. These pre 
cipitates not only grossly discolor the 
flowing water in the stream, but thes 
also coat the stream bed and banks so 
that even intermittent discharges of 
tan liquor at high stages can leave a 


mark on the strean 


Discoloration is not avoided by bio- 
logical treatment of tan liquors on 
trickling filters; in facet, such treat- 
ment may possibly accentuate the 
color. 

The proble m of discoloration of iron 
bearing streams by vegetable tan liq- 
uors is difficult of resolution. Chemical 
precipitation of tan liquors with ferric 
salts, followed by flocculation, sedi- 
mentation, and filtration, might be ef 
fective, but it would be expensive. It 
has been found economical in some 
tanneries to evaporate and dry the 
spent tan liquors to produce a market 
able produet, the income from whicl 
can partially defray the expense of 
handling 

In recent years, synthetic tanning 
compounds, or syntans as they are 
called, have shown promise of replac 
ing vegetable tanning materials, most 
of which have to be imported. It is 
possible that this development, and 
other recent strides in research being 
conducted by the heavy-leather  in- 
dustry, will result in alleviating the 
problem of discoloration by vegetable 
tan liquors. Light leather is gener- 
ally tanned by chrome compounds, 
which do not exercise ¢ 
coloring effect. On the other hand, 
chrome tanning wastes, in sufficient 
concentration, may be toxie to fish or 
other aquatic life 


serious dis- 


Beamhouse wastes have a greenish- 
blue milky appearance. Following pri- 
mary settling and dilution in the re 
ceiving stream they seldom impart an 
offensive discoloration Serub-house 
wastes, which contain dilute tan liq 
nors and thus have a light reddish 
brown appearance, can also cause a 
discoloration of iron-bearing waters. 


Dewatering of Tannery Sludge 


Primary sedimentation of tannery 
wastes generally produces a voluminous 
flocculent sludge, the disposal of which 
constitutes a major problem in hand- 
ling tannery wastes. The volume of 
such sludge will be about 10 per cent 
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of the total volume of wastes and its tank for further flocculation and sedi 
lids content will generally be from mentation. This return tends to build 
2 tu 0 per cent, the heavier sludges re up a progressively lighter sludge and 
sulting from excessive amounts of un adds to the difficulty of centrifuging 
dissoly mit The sludge contains Vacuum filtration of unconditioned 
a high proportion of very fine sus sludge has been found to be well-nigh 
pended solids, which together with th impossible, because a very thin coat of 
precipitated CaCO, tend to clog the fine organic material and caleium car 
nterstices of any filtering medium bonate granules quickly plugs the fil- 
The pll value of the sludge, like that ter elotl With proper conditioning 
f the unsettled wastes, is generally in or with filter aids, however, vacuum 
xeess Of 11.5 and the methyvl-orange filtration is a practical solution to the 
alkalinit may be 20,000 p.p.m. or problem of dewatering sludge in lim 
highes Hence, the sludge not ted areas. Acidification of the sludge 
amenable to digestion by biochemica to between pH 4 and 5 produces a 
processes without prior adjustment of — coarse flocculent material which filters 
pil readily, but where sulfides are used in 
Where adequate land is availabl the liming vats provision must be made 
avoont f the sludge has been founse to dissipate the H.S which will be re- 
to be a practical and economical leased from the acidified sludge. Iron 
method of disposal Underdraines and aluminum salts have been found of 
“and drying beds have been found to little use in conditioning tannery 
be no better than simple lagoons, be sludge, unless thev do so by lowering 
ause the pores in the upper layer of the pH. In lieu of acid treatment, the 
ipidly sealed addition of filter aids has been found 
Why equate area for lagoons can advantageous. For this purpose buffer 
iot be provided, or where esthetic con dust or fine shavings, which are normal 
ditions mitigate against their use waste products in light leather tan 
idge can be dewatered partially by neries, have been found useful If 
entrifuges or by vacuum — filters necessary, they may be supplemented 
Centrifuges remove the coarse heavy by sawdust, although the addition of 
material in the sludge, but the lighter too much filter aid = imereases the 
yids must be returned to the settling problem of filter cake disposal 


CORRECTION 


In the paper on ‘* Tests and Studies on Air Diffusers for Acti 
1 Sludge’’ (This Journal; April, 1950), the value ‘2117’ 1 
t! ist column, third line of Table V (page 468) should read 
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TREATMENT OF MEAT PACKING WASTES * 


By Brapney, NELSON, AND R. E. Braastap 


> 


Supe rintendent, Sewage Treatment Plant; Mechanical Supe rintendent, John Morrell and Co.; 


and City Engineer, respectively, Siour Falls, 8. Dak. 


The City of Sioux Falls, S. Dak., has 
been concerned with the treatment of 
wastes from the meat packing indus- 
try since 1927. In 1909, John Morrell 
and Company began operation of a 
packing plant in this city; by 1941 this 
plant had developed into one of the 
largest in the country. Before 1927 
no treatment problem existed, as both 
the municipal sewage and the packing 
plant wastes were discharged directly 
into the Big Sioux River without treat 
ment, 

In 1926, plans were drawn for a 
treatment plant to handle combined 
wastes from the meat packing plant 
and allied industries, as well as the 
domestic sewage from the City, which 
at that time had a population of 25,000, 
90 per cent of which was sewered. 
The combined industrial wastes con- 
sisted of those from the packinghouse, 
the loeal stockyards, and a_ serum 
plant. The original treatment plant 
consisted of primary treatment, stand- 
ard or low-rate trickling filters, and 
separate sludge digestion. In 1936, 
activated sludge treatment facilities 
were added and designed to treat the 
combined flow following trickling 
filter treatment. The operation of the 
sewage plant up to 1937 has been de- 
scribed in a previous paper (1). 

The U.S. Publie Health Service (2) 
las made an extensive study of wastes 
within packinghouses. This affords a 
convenient reference which gives the 
sources and strength of the compo- 
nents of the total wastes discharged bv 


* Presented at 22nd Annual Meeting, Fed 
eration of Sewage Works Assns.; Boston, 
Mass.; Oct. 17-20, 1949 
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the packing industries. With the ex 
ception of strength, these wastes are 
somewhat similar to domestic sewage, 
as no toxic products are known to be 
present. Therefore, these wastes 
should be amenable to the processes 
‘commonly employed for the treatment 
of domestic sewage. From the experi- 
ence gained at Sioux Falls, this ap 
pears to be essentially true, with the 
exception that where a high degree of 
treatment is necessary the relatively 
high organic nitrogen content poses 
certain problems, which are discussed 
later. 

In the treatment of such strong 
wastes as those produeed by packing 
houses it appears that the first staye 
of treatment should be within the pack 
inghouse itself, where the = strength 
should be reduced to the lowest pos 
sible value by utilization of all feas 
ible salvage operations. It is hoped 
that further studies will develop meth 
ods resulting in greater recovery, at 
least approaching a break-even point 
from the standpoint of cost. 


Grease Losses 

In reporting losses, the desirability 
of using a unit weizht is apparent. 
For a number of years these losses 
have been computed on the basis of 
pounds per 1,000 lb. of live weight of 
animals killed. This method of re- 
porting losses affords a more desirable 
value than the hog-unit, which is some- 
what elastic. Mohlman (3) suggests 
reporting losses on a unit weight basis 
using weight of loss per ton of live 
weight of animals killed 
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been made in grease recovery at Sioux 


having now reached the point 


adequate sampling o difficulties are encountered 


phasized 


ieasurements car 


age treatment plant as a re 


wiustes if los SOS, irease los Ses Al 


proven 


est controlled by the use of adequate 


atch basins of modern design, incor 
rating autom skimming With 


¢ odern operation the 


] 


to be quite "ease LOSSE i best. 


are seldom less 


desirable where the b. per 1,000 Ib. live weight 


installation of 


¢ 


rs are not 


in the industry these 
od should osses remain unexplainably high 


Nitrogen 
Covel Orvanic nitrogen, although one of 
of several the most undesirable components from 
unreliable the standpoint of sewage treatment, 


alse conelu affords one of the best indices for 


instanee, t] evaluating the strength of packing 


ity 


stes are 


tre; 


plant 


kling filter dis 


hey more 


by-prodt 


tr 


| as 


n nitrogen use wastes. The determination of 
1d omponent utilizes the precision 

ldahl method, affording a 
determination and giving 
results more easily reproducible than 
the standard B.O.D. determination 
Furthermore, to a considerable degree 
nent by +} method lends itself well to locating 
Excessive abnormal operations. Figure 1 shows 
formation reani nitrogen losses during a 


plugg ne 


ab nor mal oper ation as «om 
normal operation 
essive discharge of organic 


a biol ICA l trea tment un it 


material , mposes an unnecessarily high loading 


S appr 


mn a 


} 


neludin 


should ind may result 


in shock loadings, as in 


from tl nany instances the discharge of highly 


ars to he far trogenous wastes occur periodically 


irvey of 1 ind at a high concentration. Further 
the ant nore ( ilution requirements are 


Mohlman such that a hich deer f 


ng from 0.54 to 


We ioht k 


Mortenson 


degree of treatment 

s necessarv to | yrotect the receivin 

or a rane iwodv of iter. neeessitating two-stage 
s and/or activated sludge 

rh eonecentration of or 
ven is responsible for pre 

s that are extremely 

control Although at the 

plant the settled 

the final tanks is 


ym the 


* samc 


SUS 
» 
try the necessity of 
y the n 
ire relatively high in suspended solids  } 
and show considerable variatior : 
both strength and rate of d hare 
feasible W het sampli 
practical the sampling pet 
ee” able sample is to be obtains | 
ntended Include erein 
ne Os Ver a pe r od 
mpling and flow 
tional evaporator 
. 
Of the losses sustained | 
- 
nehouse those of 
nitrogen appear to be 1 
jectional if these 
to sewers for further 
vrease losses result in seu 
on primary settling tanks and period 
of sludge lines and tri pared wit 
: 
tributor hurt ise should The ex 
value a alvaced 
this reason its recovery 
available data th 
packing! - 
: 
‘rease sses Vary e 
Ib. per ton of live 
omp! ensive study 3 
RES ts that the los 2 
erable rease should not 
lb. per 1,000 Ib. live weight 
ahs the available data, which a = 
divate total losses, | 
“eles seldom appr hed During the past heing controlled, the solids frail é 
few Veal stead mprovement has standard trickling filters have tha 
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FIGURE 1.—Organic 


the activated sludge to 
rise during the summer months, and 
most from the 
settling tanks following the secondary 


tendencies as 


of the sludge removed 


skimming. In 
hazards involved in treat 


filters is removed by 
of the 


ng high 


View 
nitrogenous wastes, it is de 


sirable to reduce organic nitrogen 


This 


requires sufficient evaporator capacity 


losse s to the lowest wossible value 


to assure the evaporation of 


the 


strong 


nitrogenous liquors during peak 


killing periods 


Wastes Plant Operation 


Studies indicate that an appreciable 


reduction of suspended solids as well 


us some reduction in B.O.D., ean be 


nitrogen losses from packinghouse; 5-day average, in lb. per hr. 


effected by sereening’ paunch manure. 
Data from yperation of a 6 
32 mesh 
The rate of flow 


100 to 150 g.p.m. 


3 days 
by 3-ft. screen having a 70 x 
are given in Table I. 
to the 


screen Was 


The data show that 74 per cent of the 


suspended solids and 61 
the 
fluent. No 
surface was experienced. 


per cent of 
were removed from the in 

tlogying of the sereen 
From the 
Table I, fine screens offer 


an economical and practical means of 


data given in 


handling paunch manure 
Pretreatment 

At present only sereening, using a 
rotary sereen having 14-in. openings, 


is in use. Degritting facilities are be 
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TABLE I. Effectiveness of Paunch Manure Screening at Flows of 100 to 150 G.P.M. 


Dry Re Susp. Solids (py BOD 
( " ta DD 
I er 
te inf. | Ef Re 
7 7.25 2,200 10.2 265 | 1,923 7.82 3,530 1.750 50.0 
9 573 14.7 378 118 12.37 8.050: 1.380 828 | 1.160 180 58.6 
2804 10.5 204 | 2,134 174 11,580) 1,290) 88.8 | 1,280 160 
Ay 758 2,545 11.8 312 | 2,391 107 7,720 | 1,473 | 73.9 | 1,220 170) 61.5 
ng provided ahead of the new pump per cent of the suspended solids and 


ne station handling the packinghouse 45 to 50 per cent of the B.O.D. is re- 


aste for the purpose of reducing moved 
in the pumps. In the past some ; 
$90,000 has been expended for pre Digestion 
ettling of the waste and sludge r Digestion of packing plant wastes 
al. Kor a number of vears th ffers no particular problems if suit 
from the presettling tanks was able means are provided to control 
tered; later a centrifuge was used scum formation in the digestion tanks. 
then abandoned, and an effort was Prior to the installation of mixing de- 
ade to pump the sludge to the d ices, excessive scum resulted in the di 
tel at the vare treatment plant vester roof being lifted due to sealing 
t proved very difficult to pump the of the gas vents and overflows. Each 
sludge through the 800-ft. long line 85-ft. diameter digester has been pro- 
| thermore, no ‘le advatr vided with two mixers, the perform- 
e Was gaine f settling of ance of which has been quite satis- 
he waste: « eq treatment factory The digestion of grease is 
as since been limited to grease re nearly complete; during a period of 
moval, screening, and degritting high grease losses by the packinghouse 
the raw packing plant sludge con- 
Primary Se , tained 48 per cent petroleum ether ex- 
When grease losses are kept to a traet (dry solids) and was reduced 
easonab ow value and suitabl by digestion to 3.0 per cent, a redue- 
reenil 4 ed ahead of the tion of 94 per cent. Loadings vary 
edimentation tanks, no difficulties from 2.0 to 3.2 Ib. of volatile solids per 
ave beer xperienced in the settling eubic foot of digester capacity per 
t} vast During periods of ex month, with an average gas production 
SS1Ve rrease losses considerable of 8.0 eu. ft. per lb. of volatile apphed 
neea Tron CACES 
plu rec sludge lines Filters 
ind distribut logging. Unless prop Prior to 1942, due partially to im 
ny is provided sludge re ereased load on the plant, the final 
moval by sludge pumps is almost im effluent had deteriorated to the point 
possible lune to the matting effect that required provision of additional 
im the straw contained in the paunel treatment facilities to prevent serious 
anure pollution of the Big Sioux River and 
‘he irifier is operated at overflow the recurrence of law suits by the 
rates varving from 600 to 1.300 g@p.d riparian owners and tenants along the 
ner « ft \t these rates 60 to 70 river below the treatment plant In 
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the preceding years the City had paid 
> some $120,000 as a result of such law 
suits. Among factors aggravating this 
condition was the failure of the stand- 
ard filters to perform efficiently in the 
cold months, putting an excessive load 
on the activated sludge plant at the 
most critical time of the year; that is, 
when packing plant operations were 
at their peak, and the river flow at its 
lowest stage. In order to improve the 
performance of the standard filter it 
was decided to make sweeping improve- 
ments, as follows: 


1. Primary trickling filters, of the 
backwash type, having a maximum de- 
signed loading of 8,000 lb. B.O.D. per 
acre-ft. were installed ahead of the 
standard filters. Facilities were pro 
vided for settling the effluent from these 
filters, whose operation has since been 
quite satisfactory, even during the war 
years when loadings approached 15,000 
lb. per acre ft. for several consecutive 


days during the heavy killing periods. 


The periodic ponding was controlled 
by the backwash facilities. 


2. The original standard filters had 
an area of 4 acres and were equipped 


with dosing siphons and fixed nozzles. 
The siphons were eliminated, the fixed 
nozzles being replaced by rotary dis- 
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TABLE I. 
B.O.D. 
Infi Applied 
p.p.m /ac.-ft.) 
Jan 1.560 | 529 | 1085 
Feb 1.368 | 334 | 661 
Mar 4.332 | 260 | 510 
Apr 1650 | 196 | 412 
May 4.561 | 225 | 474 
June 4.386 =| 198 392 
> July 4.329 | 191 | 374 
Aug 4.229 | 202 386 
Sept 1.264) 204 | 304 
Oct 4.420 298 | 597 
Nov 4.680 | 368 780 
Dec 4.651 | 373 786 
Av 4.452 281 570 
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FIGURE 2.—Performance of primary 
filters during period Nov. 1943 through 
April 1944. 
tributors It was felt that better 
utilization of the filters would be af- 
forded the rotary dist ributors, 
even in view of the fact that some 25 
per cent of the would 
lost. 

3. Provision was made for recircula- 
tion at a rate of 5.0 m.g.d. Faeilities 
for settling this portion of the second 
ary filter effluent were available. Per 
formance of the primary filters for the 
period Nov., 1948, through April, 1944, 
is shown in Figure 2. During this pe- 
riod the filters performed well, with a 
loading in excess of 12,000 Ib. B.O.D. 
per acre-ft 


by 


filter area be 


for a considerable part of 
Fig 
ure 3 shows the removal and loading 
on the standard trickling filters for the 
Table II gives data for 
the vear 1947, including nitrification 


the period covered by the curve. 


same period 


Performance of Secondary Filters during 1947 


| | Oxidized Nitrogen 


— Deduction -- —— 


| 
NOw-N | NOrN 
| 131 | 75.2 65 | 3.20 
66 79.7 154 | 3.98 
46 82.6 11.70 
5 | 719 | 3.17 | 14.10 
34 85.0 3.33 15.60 
41 | Fes 1.29 9.30 
40 79.0 106 | 8.20 
| 4] 79.8 94 | 9.00 
10 80.4 5.10 
841.6 | 4 2.80 
21 8 | 2.60 
| 65.2 | 76.8 1.41 | 7.40 
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FIGURE 


}.—Performance of secondary 


filters during period Nov. i943 through 
April 1944 

3 omparing these data with 1942 
how! n Figure 4 considerable in 
rrovement performance of the 
tandard filters will be noted 


Rising Sludge Problem 


Nitrification by the waste treatment 


plant filters aggravated the problem 
} t has bee! pl ent at plant Sitl 
he installation f an activated slur 
process; namely, the rising of activat 
. e in tl nal sedimentation tanks 


STRIAL WASTES 


Sawyer and Bradney (5) studied the 


activated sludge 
n final tanks, 
strated by O’Shaughnessy and Hewitt 


ising or floating of 


sedimentation demon 
6) to be caused by the buoying of the 
sludge due to the entrainment of nitro- 
ren Gas There is some difference of 
regarding the mechanics of 
although there is general 
that 


)pinion 
the process 
nitrite and/or nitrate 
Wooldridgs 


7 attribute the 


wreement 


ust be present and 


cause to 


denitrification of oxidized 


nitrogen; this is supported by the evi 


from the Sioux Falls 


The only detrimental effect from the 


rising sludge phenomenon appears to 


be the contamination of the final eftlu 


nt with mixed liquor solids, the ca 


pacity of the sludge to purify sewace 
not being impaired sludge 


Bulking 


has been a rare occurrence the sludge 


ndex seldom exceeds 200 and 100 is 
more nearly normal. As no practical 


means have been found to sufficiently 


2 4 d 


FIGURE 4.—Performance of secondary filters during 1942. 
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FIGURE 5.—Effect of collector installation on sludge concentration in final clarifiers. 


retard the rising of the sludge, it was 
decided to attempt to control it by re- 
moval from the final sedimentation 
tanks before it had sufficient time to 
become buovant. Studies by Bradney 
and Sawyer (8) during a winter pe- 
riod when no appreciable nitrification 
was present show that a considerable 
portion of the sludge remained in the 
tanks in excess of 3 hr.; an impossible 
condition if rapid removal was to be 
The rate of return 
sludge was found to be adequate (40 
to 50 per cent), but the return sludge 
was quite low in solids (4,000 to 7,000 
although at the same time the 
sludge at the outer areas of the tank 
showed a suspended solids concentra 
tion as high as 14,000 p.p.m., indicating 
ineffective sludge removal 

Study 


al 


At omplished 


p.p.m 


of suction-type sludge re 


equipment seemed to offer a 
reasonable possibility of relief, as it 
was believed that this equipment would 
remove the sludge more rapidly. Con 
sequently, suction-type sludge removal 
mechanisms were installed in both final 
80 ft 


These 


which are 
ft. deep. 


sedimentation tanks, 


in diameter and 9 


mechanisms were put in service in No 
1945 
botton 


vember, 
from the 


Samples were taken 
of the tanks near the 
center of the path of the nozzles and 
just after the nozzles had passed the 
sampling points. The samples revealed 
that the sludge was not being removed 
from the outer areas of the tanks at a 
sufficiently rapid rate to prevent ris 
ing. The suspended solids concentra 
tion at each nozzle is shown in Figure 


5. Anderson (9 final 
sedimentation tanks density currents 


whieh 


discovered in 


appeared to be responsible for 
the failure to obtain an even distribu 
the entire area of 
Velocity tests on the Sioux 
tanks 


bottom 


tion of sludge over 
the tank 
Falls 
excessive 
fifth 
collected from this area showed no ap- 


indicating 
velocities up to the 


bear this out, 


nozzle Furthermore, samples 


preciable Increase in suspended solids 
concentration when the first 5 nozzles 
blanked off. The condition is 
shown in Figure 5 for the ease of 
No. 6 tank, on which the first five 
nozzles were closed as compared with 


were 


No. 5 tank, where all nozzles were oper 


The possibility that these velocities 
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TABLE III. 


Pipe and Orifice Areas 


for | 


Arm Only; Nozzles Numbered from 


Tank Center 


tO 
\ 4 
t lin \ 
4 27.7 
2 103.0 
2 10S 160.0 
7.068 216.0 
273.0 
11.045 143.0 7.068 
t} 13.46 500.0 3} 8.205 
i 17.25 556.0 3] 11.045 
21.38 612.0 12.50 
21.38 1} 18.0 
23.75 725.0 54 23.75 
it caus difficultv was taken nto 
n he desigen of the 
anisms, prov n being made for 
rtin in othe pipes lead ne 
tl ! s to the header By 
! al the inlets a rea 
ly il of slud from 
the tanks Was pos 
it thie or ntra 
. 
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on of suspended solids In other areas 
It was then felt that 
problem was indeed 


see Figure 5 
the rising sludge 
inder control, at least, to a consider 
ile extent. However, in the following 
rising of sludge in the final 
sedimentation tanks as usual an 
nounced the arrival of Spring 
Further studies indicated that nozzles 
vere removing the sludge directly in 
their paths, the sludge between the 
nozzles flowing in behind them after 
they passed. As a result, a portion of 
moved back and forth be 
tween the nozzles, with the result that 
remained long 
enough to reach buoyancy Addition 
if V-type plows between the 
rrected this condition, the suspended 
solids in the final effluent dropping to 
and remaining below 20 p.p.m 


part of the sludge 


nozzles 


Furthermore, the mixed liquor solids 


could be maintained at the desired 

vel Figure 5 shows the concentra 
tion of the sludge in the bottoms of 
the tanks with No. 5 tank operating 
no correction wu 
nlet areas, whereas on No. 6 the plows 


led and orifice areas are as 
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FIGURE 6.—Effect of collector passage on sludge concentration in final clarifiers 
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shown in Table III, which gives a com 
parison of the areas originally com 
puted and the ones which have proven 
to be more effective. Figure 6 shows 


the sludge concentration before and 
after the collector mechanism passed 
the sampling points, after corrective 
orifices and plows were installed 


Domestic Sewage 


At Sioux Falls the treatment of do- 
mestic sewage is only incidental to 
that of the major problem of treating 
the industrial wastes. The domestic 
sewave serves as a highly desirable di- 
lutant, the volume of which on the 
average is equal to that of the indus- 
trial waste. The treatment afforded 
the domestic sewage has been described 
previously (5 

Monthly averages of B.O.D. and sus 
pended solids in the final effluent for 
the vears 1942, 1944 and 1947 are 
given in Table IV. The year 1942 
might serve as a starting point, being 
the year just prior to the rehabilitation 
of the standard trickling filters. It 
is noted that during this period the 
quality of the final effluent was rather 
poor, Which is attributed to excessive 
loading of the aeration tanks result 
ing from the poor performance of the 


TABLE IV. Monthly Averages of Final 
Effluent B.O.D. and Suspended Solids 


B.O.D, (p.p.n.) 


p.p.m 
Month 

i442 1944 | 1047 | 1u44 1047 
Jan 132.0) 58 19.0 | 164.0 | 69.0 | 20.0 
Feb. 97.0 66 | 18.0 | 100.0! 77.0 | 13.0 
March 88.00/25 | 11.1) 67.5| 62.0) 9.6 
April 31.5|83 |11.1! 37.7] 53.0] 12.0 
May 29.6156 |13.0! 37.0) 52.4/| 13.0 
June 23.0 | 60 13.5 52.0) 61.0! 9.2 
July 28.5 | 62 11.7 | 37.5) 67.0) 8.2 
Aug | 12.0) 37.0] 54.0} 11.0 
Sept. 37.0!42 | 13.0] 56.0/ 11.0 
Oct 54.0/56 (11.8! 73.9/ 61.0) 11.9 
Nov 75.0 | 34 12.0; 89.0) 53.0) 13.8 
De 140.0 33 | 13.8 | 243.0} 31.0} 16.0 
Av 63.2 | 53.5 | 13.3} 81.3) 58.0! 12.3 
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standard filters. It was during this 
period that the loading on the aeration 
tanks approached 100 Ib. B.O.D. per 
1,000 sq. ft. of tank capacity. The 
aeration tanks have performed well 
sinee, with loading up to 50 Ib. B.O.D 
per sq. ft., requiring from 750 to 800 
eu. ft. of air per Ib. of B.O.D. removed 
in the absence of rising sludge. Dur 
ing the 13 years that these tanks have 
been operating no difficulty has been 
experienced with clogging of plates 
Comparison of the final effluents ob 
tained in 1944 with those of 1942 shows 
a considerable improvement during the 
winter months. However, a definite 
deterioration of the final effluent dur- 
ing the summer months is apparent 
This was no doubt the result of ag 
gravation of the rising sludge prob 
lem due to inereased nitrifieation by 
the standard filters 

1947 was the first full vear of opera 
tion following the installation of the 
suction-type sludge removal mechan- 
isms as modified Consistently good 
removals of suspended solids and 
B.O.D. are shown for the year. The 
improvement during the summer 
months can be accounted for by the 
more rapid removal of sludge from the 
final clarifiers. However, the appreci 
able improvement of the final effluent 
during the winter months, at which 
time rising sludge is not ¢ritical, must 
be attributed to some other factor. 

Concurrent with the reduction of 
suspended solids and B.O.D. in the 
final effluent during the winter months, 
new grease removal facilities were put 
into operation, along with the removal 
of certain highly concentrated nitro 
genous wastes as a result of increased 
evaporator capacity. Prior to this 
time the nitrogenous wastes were only 
discharged during the period of heavy 
killing operations at the packinghouse, 
which coincides with the winter 
months. It is to this factor that the 
improvement of the final effluent dur- 
ing the winter months is substantially 
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attributed, not overlooking the dele to treating packinghouse waste, al 
terious effects on the treatment pros though certain modifications are indi 6 


esses resulting from the discharge of cated 

the nitrogenous wastes. Re-emphasis 2. Treatment of wastes begins within 

should be placed on the necessity of the packinghouse. 

reducing the strength of the waste 3. Rapid and complete removal of : 


vithin the packinghouse whenever and activated sludge from final settling 
vherever practical; successful treat tanks is of paramount importance 

nent by the sewage plant may be de 
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Conclusions 
As a result of the studies and oper 
ations reported herein, the following 
reneral conclusions may be 


treating domestic sewage are applicable — of Sioux Falls, for his cooperation. 
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DISCUSSION 


By Cram N. SAWYER 


Inat 


The wastes produced in the meat numerous factors, the major ones be © 
packing industry stand fourth on the ng quantity of waste and volume of 
list of ‘‘River and Stream Enemies.”’ receiving water Consequently, the 
lhe total volume of such wastes ap problems encountered vary widely 
proximates 300 m.g.d., with a popula The paper presented by the authors 7 
tion equivalent of 13,000,000 people on ‘lates the story of how engineers 
1 B.OLD. basis. Due to seasonal peaks sanitary chemists, and biologists have 
these \ al eS may double for re riods { Ome d forees to solve the problems 
several weeks at a time anses br meat packing wastes at 

Che intensity of the problem created Sioux Falls. They are to be congratu 


hy meat packing wastes is a result of ated on their aeeomplishments and 
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their willingness to keep the profession 
informed 

In reviewing the paper by Messrs. 
Bradney, Nelson, and Bragstad, it ap- 
pears that there are three very im- 
portant considerations that need am- 
plification, as follows: 


1. Information on normal losses is 
of tremendous importance in providing 
goals of attainment. 

2. Limiting B.O.D. removals by high- 
rate filters treating meat packing 
wastes may be somewhat lower than 
for similar filters treating domestic 
wastes. 

4. Even though the functional de 
sign of a treatment plant may be cor 
rect, the plant may fail to do the work 
expected because of faulty mechanical 
equipment or analytical methods which 
give false results. 


Losses at Sioux Falls 


The following table summarizes the 
losses at Sioux Falls during 1945 and 
during 1947-48 after a campaign had 
been carried on to reduce losses. The 
data are compared to those reported by 
MohIman (1) for 14 plants in Chicago 
[t will be noted that organic nitrogen 
losses have been reduced to what might 
be termed reasonable figures, due, no 
doubt, to the installation of evaporation 
facilities to handle all stick liquor dur- 
ing peak kills. 

Grease losses have been materially 
reduced, but remain about four times 
greater than they should be, based on 


Losses at Sioux Falls and Chicago (in Lb. 
per Ton Live Weight Killed 


Sioux Fulis Checage! 
47-48 \ Range 
Organic N 1.7 3.30 3.5? 1.65.3? 
Susp. So 29.0 41.0 22.7 91-443 
17.3 38.3 28.49 13.0415 
11.4 26 0.5-5.7 


tesults from 14 plants 
* Total nitrogen; approximately SO per cent 
rganic N 
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Chicago experience. This would ap- 
pear to reflect on salvage operations 
within the plant, particularly in the 
rendering department. The high con- 
tent of saponified grease (in excess of 
7.2 Ib. per ton of kill) must be due to 
some unusual situation in the proces- 
sing of fatty materials. Improper 
preservation prior to rendering will 
allow souring of the fat and production 
of free acids which are not recoverable 
by conventional flotation methods. Due 
to the nature of the water supply at 
Sioux Falls (hardness in excess of 500 
p.p.m a considerable part of the 
saponified fats precipitates as caleium 
and magnesium salts in the grease 
separation unit. <A eritical study of 
the overtlow liquor and the sludge pro- 
duced in these units should give some 
real clues to methods of further re- 
dueing the losses, 

B.O.D. losses are considerably higher 
than the average for the Chicago 
plants. No doubt, this is due mainly 
to high grease losses and, as soon as 
grease losses are reduced to normal, 
it would appear that B.O.D. losses 
would also adjust themselves aecord 
ingly. Each pound of grease exerts 
a 5-day B.O.D. of about 2 Ib.; there- 
fore, a reduction in grease of 8 Ib 
would reduce the B.O.D. by 16 Ib.. 
viving a B.O.D. loss of about 22 
or well below the Chicago average 

Although suspended solids losses are 
abnormal, it does not appear that they 
materially affect the B.O.D. losses 
Ilowever, attention should be directed 
to reducing these losses within the 
packing plant, in particular the fine 
screens used for salvaging paunch ma- 
nure. The suspended solids would ap- 
pear to have an unusually high con- 
tent of inorganic matter, but no data 
is readily available to support such a 
contention 


B.O.D. Removals on High-Rate Filters 

Considerable information has been 
accumulated during the past few years 
to show the limiting capacity of high 
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rate filters to remove B.O.D. = The seem desirable to tag the Sioux Falls 
paper under discussion adds to these lata as pertinent to filters of the back- . 
ata. Summary data from the Upper wash type 

Mississippi Report, the NRC Report 
ind the Sioux Falls studies are show: 


n Figure 1. The upper Mississippi Perform Its Job : 


Failure of Vechanical Equipment th 


ind Sioux Falls data show that. for The Sioux Falls story would not be 
loadings in excess of 9,000 Ib. of B-O.D ‘complete without a chapter showing 
per acre-ft., B.O.D. removals are quite how the best-laid functional plans of 
eonstant The NRC data indicate that the designing engineer can be fouled 
the levelin ff point is at about 5,000 up by faulty mechanical equipment. 
lb Figure 2 shows the behavior of the 


There considerable variation in plant in 1942. It will be noted that 
what the limiting removals are. The results were terrible during the winter 


Upper Mississippi Report indicates months, but fairly good from April 
ibout 5.2 Ib., the NRC report 4.3 Ib through September. Following exten- 
ind the Sioux Falls data 3.5 lb. The sive additions and alterations to the 
low values at Sioux Falls could con plant in 1943, the new plant was placed 


eivably be related to the nitrogenous in operation and the results accom 
‘haracter of the wastes. Another fae plished are shown by the 1944 data 
tor that should not be overlooked in These data show that although the 
t} onsideration is rock size or bio- effluent produced during the winter 
irface exposure. The rocks it was much improved, a deterioration 
the primary filters at Sioux Falls are’ in the quality of the effluent occurred 


of large size (2'4 to 4l4 in.) and would) during the months of May through 
biological surface Another September. This was correlated with 
actor would seem worth mentioning the rising of activated sludge and its 


that the filters at Sioux Falls are of overflow in the final clarifiers 


the backwash type and periodically Following xtensive studies. in 
the biological growths are flushed off which plant operation was varied, lab ; 
Coneeivab!] interruption in ‘ratory investigations made, and the 
BOD removal eould result an behavior of the final clarifier mecha 
therefore, lower values. Thus. it would nisms examined, it was coneluded that 
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FIGURE 1.—Relationship between B.O.D. removals and loadings on high-rate filters. 
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FIGURE 2.—Efect of replacement and improvement of final clarifier mechanisms on 
plant operation. 


replacement of the final clarifier 
mechanisms with a type capable of re- 
moving the sludge more rapidly would 
solve the problem. Replacement of the 
mechanisms helped to alleviate the 
problem of rising sludge, but did not 
solve it until certain modifications were 
made in design. The results obtained 
in 1947, following improvements in 
design, also are shown in Figure 2. 

It seems pertinent to point out that 
clarifier mechanisms of the 3. basie 
types used in circular tanks have been 
used at Sioux Falls. None of them as 
originally installed would handle the 
sludge during the summer months. 
The first two types tried were of a de 
sign which seemed hopeless from the 
standpoint of modification to enable 
them to do the job required of them 
The third type offered such promise 
and the gamble taken by the city offi- 

als in advancing funds for their pur 
chase has been amply compensated by 
solution of this problem. Further- 
more, the designing engineer has been 
enjoying life a bit more. 


The lesson to be learned here is that 
the best-laid plans go astray unless 
particular attention is paid to many 
details. In particular, clarifier mecha- 
nism manufacturers should arm them 
selves with a knowledge of density eur- 
rents, discard the conventional hy- 
draulie handbooks, and study the 
movement of sludges, not water 

In addition, the Sioux Falls story 
illustrates the great need for combined 
and cooperative efforts on the part of 
sanitary engineers, chemists, and biolo- 
gists for whipping into line some of 
our great industrial waste problems. 
Special mention should be made of the 
work of Dr. Mohlman and Mr. Warrick 
in providing yardsticks of losses for 
the meat packing and paper industries. 
Their example should set a pattern for 
all to follow. 
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Stream Pollution 


THE ADDITION OF SODIUM NITRATE TO THE 
ANDROSCOGGIN RIVER * 


by Waurer A 

/ sur of Chemistry, Bate 
Krom June 15 to October 1, control 
f tl industrial pollution of the 
(Androscoggin River, by court au 
thority, is vested in an administrator 
The objectives of this eontrol are the 
maximum economie industrial use of 
the water and to prevent the emana 
tion of odor at nuisance levels in the 
twin cities of Lewiston and Auburn 


Maine 
The 


controlled by 


sulfite pollution load may 


be 


the administrator bv one 
or all of three methods 
lL Sultite pulp production in tw 


mills may be 


lecreased within certain 


limits based on river flow and tempera 
ture onditions downstream 1 

2. The volume of strong sulfite wast: 
liquor lagooned at a third mill may be 


varied within eertain limits 
nitra 


tons 


the 


e, up to 1,000 


to reduce or 


may be used prevent 


formation of hydrogen sulfide in the 
\ndroseo n Pool 

Although the first two of these meth 
ds are beyond the scope of this paper, 
they are an important part of the sys 
tem of eontrol, However, the addition 
of sodium nitrate to the river made 
possible the production of more sulfite 
pulp than would have been permitted 
therwts 

* Presented at 22nd Annual Meeting, Fe 
ation ¢ Ss ige Works Asso tior Bos 

Mass Octobe 17-20, 1949 
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LAWRANCE 


College, Leu 


Three companies produce sulfite 
pulp in the Androscoggin River Valley, 
the mills being located 112, 59, and 32 


river miles from Lewiston. During the 
summer, the strong sulfite liquor pro- 
dueed at the mill 
discharged into a lagoon built jointly 
the three 


nearest Lewiston is 


by paper companies 
Location of the Androscoggin and 
Deer Rips Pools 


The Androseoggin pool is a body of 
water extending northward from Gulf 
Island Dam to North Turner Bridge, 
of 14 


is nearly 


a 
distance Turner Center 
equidistant between 

The northern half 
is comparatively narrow, less than 500 
ft and contains 
about 20 per cent of the water in the 
pool. For the southern 
portion of the pool is somewhat wider 


Bridge 
these two loeations 
wide in 


most areas 


about 3 mi., 
and then suddenly extends irregularly 
o &% to 1 width, due to 


several bays. Owing to con 


2 mi. in ex 
istence of 
tours, and the presence of brooks and 
springs, the pollution load in the bavs 
be that in the channel. 
As indicated in Figure 1, the depth 
ly Then 
mi. north of the dam, a rapid 
65 ft In the 


few depths 


may less than 


if the pool gradual 


about 244 


ine 


reases 


decline oeecurs to about 
‘hannel o 


70 


the old river 
ft 
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recorded 
through this 
2000 
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FIGURE 1.—Profile of Androscoggin pool, river, and canals, Lewiston, Me. 


this long period of detention is a prin- 
cipal factor in the odor problem. 

Located about 1 mi. south of Gulf 
Island Dam is Deer Rips Dam, which 
retains a pool known by the same name. 
At normal summer flows, the time of 
passage through this pool is 24 to 30 
hr Downstream another 3 mi. are 
the Lewiston Dam and the gatehouse 
to the canal system. The river, upper, 
and lower canals are located near the 
industrial and population centers of 
Lewiston and Auburn. 


Theory 
The use of sodium nitrate to main- 
tain an environment favorable to 
aerobic bacteria and to avoid the odors 
produced under anaerobie conditions 
has been known and used for a long 


time. In recent years it has been em- 
ployed on a larger seale for these pur- 
poses (3). The pioneer work of San 


born (4) has led to the extensive use 
of the addition of sodium nitrate to 
cannery wastes before discharge into 
lagoons. More recently, sodium ni- 
trate has been used to suppress the 
formation of hydrogen sulfide in sew 
ers in a California community. 

Oxygen present in sodium nitrate is 
available to bacteria when the dissolved 
oxygen in the water has heen or is 
about to be exhausted. 


The use of nitrate nitrogen as a 
proton acceptor must be accompanied 
by a definite series of oxidation-redue 
tion potentials and although some of 
the redox processes of microorganisms 
are obscure, the sign of the potentials 
which must exist for the utilization of 
some sources of oxygen has been estab 
lished. These may be arranged in the 
following order: 

+ Dissolved oxygen 

+ Nitrate Aerobic Range 
+ Nitrite 

— Sulfate 


— Phosphate Anaerobic Range 


This does not imply that a well-defined 
demarcation exists—conditions are too 
complex for that—but it does mean 
that water containing available ni- 
trate, but devoid of dissolved oxygen, 
should not be considered as anaerobic. 

One of the advantages obtained by 
the use of nitrate is that, during its 
reduction by micro-organisms, the po 
tential maintained is in a region much 
above the — 200 to 300 mov. which 
Starkey (5) states is the range in 
which Sporovibrio desulfuricans pro- 
duees hydrogen sulfide from sulfates. 


1948 Program 


During the summer of 1948, the ab- 
normally low precipitation, aecompan- 
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ied by high temperatures, produced in the canal systems located in the 
odor conditions in the river which enter of the two cities. For this pur . 
were at times objectionable. A hur pose 1,000 tons of sodium nitrate were 
ried decision was then made to experi made available, but owing to an un 
ment with the large-scale addition of expected reduction in sulfite pulp pro fe 
sodium nitrate to the water. The first duetion during July only 641.5 tons 
vere actually used 
ip} vere made on August 10 | 
and the last on September 23. During 'o avoid the disadvantages of a fixed 
ocation of denositio sts ig 
this period, 480 tons of nitrate were ation of deposition, a substantial 
boat was purchased. <A 5-ton load, 
consisting of 100 bags of nitrate, was ; 
~y Number of the usual amount deposited during a cs 
single run, and three loads were ven 
( hush 62 
2 10 erally discharged in an 8-hr. period 
Turner Bridge 3 l » 
Turner Center Bridge 809 35 Of the 641.5 tons of nitrate added to 
Pool S. of T. C. B 16 6 the water, 561.5 tons were de posited 
from the boat in the southern half of 
Owing to intermittent and uneertain the pool 
deliveries, the deposition of nitrate in The amount of sodium nitrate to be 
he river frequently could not be made used each day and the loeation of its 
ther at the time or in the quantity addition were based on 
that conditions would appear to re 
1. Water temperatures 
2. Industrial pollution load 
he experience gained luring the 
3. Dissolved oxygen content of the 
immer of 1948 mav be summarized as : 
water 
) 
1. Oxygen consumed from permanga 
1. So n nitrat was consumed in hate 
the areas where the water was devoid a Methylene blue stabilities 
if ‘ en, the reduction produet be 6. Odor eonditions 
, principally ammonia (. Prior treatment upstream, if any 
2. The fixed location of the place of Determinations of 5-dav B.O.D. were 
addition, Turner Center Bridge, whicl made each Thursday and at such other 
} ‘ ligt: fy 
S about flov aistant trot times as were necessary Che time 
Lewistor made verv diffieult the eco which must elapsr before the results of 
nomical use of the sodium nitrate the test are available preclude its use ; 
Reduction of the amount of hydro as a da ly control method Mueh 7 
ren sulfide in the water was encourag shorter periods of ineubation often “ 
! vielded unreliable data 
For the purpose of averaging and 
1949 Program 
ompari ita from each of the three 
I"} ilts obtained in 1948 a rincipal sampling stations in the 
pea it istif repetition of the ey pool, two periods were chosen for each 
ent in 1949 on a somewhat larger ation and corrected for time of - 
seals he administrator set as the passage in order that the analytical 
bijective of this program the addition data being compared would be that 
fs ; trate in such amounts as from practically the same water. The 
ti) prevent the presence of hvdrogen short June and September periods 
sulfide in anv amount that would 1 mitain 1 iriables in 
auce a nee lor from tl} Water tfemperat nd are not clue 
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July period North Turner Bridge July July 31 
Turner Center Bridge July 3to Aug. 2 
Gulf Island Dam July 11 to Aug. 10 
\ugust period North Turner Bridge Aug. 1 to Aug. 31 
Turner Center Bridge Aug. 3 to Sept. 2 
Gulf Island Dam Aug. 11 to Sept. 10 


Numerous locations throughout the 
southern portion of the pond were 
sampled daily or very frequently for 
analysis, but the data obtained are too 
extensive for inclusion herein. For 
the most part they furnish the gradi- 
ents which existed between Turner 
Center Bridge and Gulf Island Dam. 


Water Temperatures 


The temperature of the water in the 
Androscoggin pool through June was 
unusually high; 20° C. was reeorded 
on June 5, the earliest date in many 
years. Higher than normal tempera- 
tures existed until after September 10 
see Table ] 

In the early part of the summer, 
water entering the pond is warmer 
than that leaving; a reverse situation 
exists during late summer. However, 
a cold summer night, by no means 
uncommon in Maine, may lower the 
temperature of the incoming water by 
two or more degrees and this cooler 
water may eventually foree deep 
anaerobic water up toward the surface. 

In the Androscoggin river and pool, 
temperature is one of the most im- 
portant factors in the present pollu- 
tion situation. At 19° C. accept- 


TABLE I. Weekly Average Water Tempera 
tures at Gulf Island Dam (1949) 


Wve Temy Week Temp 

Ending ( Ending 

June o 16.9 July 31 24.3 
12 10.0 

hy 22.6 Aug. 7 26.2 

an 23.8 14 26.0 

21 24.1 

July 3 21.é 28 22.4 
10 24.5 

14 23.4 Sept. 4 22.1 

24 24.3 11 21.4 

19.4 


able conditions usually prevail, where 
as at 24° C. and higher undesirable de 
velopments may proceed very rapidly, 
due to the fact that micro-organisms 
are very susceptible to thermal changes 
in their environment and may double 
their rate of activity with an increase 


of 7° to 10° C. 


River Flow 

The flow from the upland storage 
water in lakes and reservoirs is rigidly 
controlled (for example, see Figure 2, 
Berlin, N. HH Although the uneon- 
trolled runoff downstream from Ber 
lin, N. H., may at times be very large, 
the precipitation during the summer 
of 1949 was so small and the ground 
so dry that only one short period of 
abnormal high runoff oceurred. 

Figure 3 contains an excellent illus 
tration of the marked difference which 
may exist between the hydraulic crest 
and the time of passage of water mole- 
cules. The peak of the flow which was 
at Rumford, Maine, June 22, was re- 
corded at Gulf Island Dam on June 
23, but the water from Rumford on 
that date did not arrive at the dam 
until about a week later. 


Industrial Pollution Load 


Pollution loads in the Androscoggin 
River are calculated on a basis which 
includes the time of passage from their 
source to Gulf Island Dam. The wide 
variations in load (Figure 3) were 
principally the result of week-end shut 
downs. Midsummer production was 
lower than normal for about 4 weeks. 

Pollution factors are calculated from 
the compensated tonnage of sulfite 
pulp produced per 1,000,000 eu. ft. of 
water passing Gulf Island Dam. The 
average factor for the 1949 eontrol 
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FIGURE 2.—River flow at: (1) Berlin, N. H. (2) Rumford, Me. (3) Gulf Island Dam. 


period was 1.9, and for 1948, 2.0. The Dissolved Oxygen 
actor Lor ir periods prior te Determinations of the dissolved oxy 
ntrol, we 1947 20. 1946, 2.4 ren content of river water sampled at 


were made each day 


FIGURE 3.—Compensated sulfite production load 
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FIGURE 4.—Dissolved oxygen at: (1) North Turner Bridge 
(3) Gulf Island Dam. 


the 


at important sampling stations. considerable, the water in 
The D.O. in the water entering the layers usually arrives at ¢ 
pool at North Turner Bridge varied Dam during the high temperature pe- 


from day to day, but beeame lower — riod with an oxygen content below 0.5 
and more uniform in the 2-day pas p.p.m. In this area the 
sage ( wma to Turner Center the bottom is, of course, 


During the slow anaerobic. However, the wi 
through the 


southern half of the pool, more oxygen 


Figure 4 
about 8 days) 


Bridge 
passage 


and over the riffles just sot 


is removed from the water. Although Rips will rapidly reeover oxygen un 
reaeration in this area of the pool is less conditions are too adverse. For 
TABLE II. Dissolved Oxygen, Androscoggin Pool Average Daily Values 
(oxygen (onten* fxygen Consumed 
*eriod N.1 r¢ Dam N.T. to IC. to Dam N.T. to Dam 
toa ton p pau tor pt ton tons 
July 14.7 2.80 46 O86 1.2 0.24 | 10.1 1.4 3.4 0.62 | 13.5 
1.21 LS 0.35 0.18 1.2 0.17 5.1 


(2) Turner Center Bridge. 
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TABLE III. Oxygen Consumed from Permanganate, Androscoggin Pool (Average Daily Values 


Votal at Point Consumed 
Period N.T Dam N. T. to T.C to Dam N.T. to Dam 
tons tons tons tons tons p.pam tons pp. 
July 331 63.0 311 59.0 301 57.0 20 1.0 10 20 30 6.0 
\ug 350 72.5 347 70.5 336 68.0 12 2.0 11 2.5 23 4 


that place. The shapes of this curve 
and that of Turner Center Bridge re- 
sults are very similar to that of the 
compensated production curve (Fig- 
ure 3). The dates, however, are not 
comparable, as the time of passage is 
caleulated to Gulf Island Dam. 

The daily O.C.P. values obtained at 
the three chief sampling stations (Fig- 
ure 5) provide sufficient data for 
many determinations of the time of 
detention in the pool (2). 

Table II{f contains a summary of the 
average oxygen consumed by pollution 
in the water during passage through 
the pool. The difference between 
O.C.P. numbers obtained when the 
water is entering and leaving the pool 
(with due allowance for time of pas- 
sage) is larger than the decrease in 
B.O.D. values, but the former appear 
to more nearly reflect the complex situ- 
ation than do the latter. 


Methylene Blue Stability 


‘Standard Methods’’ (6) procedure 
requires a temperature of 20° C 
Iligher temperatures were used (espe- 
cially 25° C.) in order to shorten the 
period for decolorization, but the re- 
sults obtained, although informative, 
were not always correlatable with the 
20° C, data. 

Water containing sodium nitrate has 
a longer stability test period than does 
a similar water with the same pollu 
tion load and dissolved oxygen content 
but devoid of or containing a much 
lower concentration of nitrate. Lab 
oratory tests indicated that micro-or 
vanisms do not reduce methylene blue 


to the leuco state, in the presence of 
any detectable amounts of nitrate ions 
These results are somewhat different 
from those obtained with sewaye by 
de Waal and Stander (7 Advantage 
was taken of these facts to save time 
and effort in studying the distribution 
of the nitrate after addition to the 
water. Simultaneous samples were 
taken; those for possible nitrate 
analysis were preserved with chloro 


form, the duplicates being treated with 
methylene blue. In this manner, more 
samples may be taken and a better se 


lection made for subsequent analysis 
for nitrate. 

The methylene blue test yielded 
valuable information as to the approxi 
mate time of the appearance of hydro 
gen sulfide in a sample of water and 
relating it to the pollution load. As 
a field control, in the work of inhibit 
ing the formation of hydrogen sul 
fide, the test is often a very useful aid 
to judgment, especially when only a 
short time is required to obtain the 


leuco state 


Biochemical Oxygen Demand 

B.0.D.’s (5-day, 20° C.) were de 
termined on samples obtained every 
Thursday and also on other days when 
the results would be valuable for the 
record. - The long period of time 
which must elapse between sampling 
and receipt of the results of the test 
reduce its value for control work with 
sodium nitrate. The limited data 
(Table IV) indicate that the decrease 
in B.O.D. between Turner Center 
Bridge and the dam was largest dur 
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TABLE IV.—Biochemical Oxygen Demand, } to 4 miles north of the dam were 
Androscoggin Pool (5-day, 20° C., arried n solution into the lowe * 


Pp strata of the deep water downstream 


bv the down-flow produced by the dif 
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74 
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TABLE VI. Sodium Nitrate and Nitrate Oxygen Additions, Androscoggin River and 
Pool Tons 


D Days Betweet 
NO North Tota Average 
Added and Dan 
Na NO} | Oy Equiv.! Na NOs | Equiv.) Na NO, | Equiv.! Per Add. | Per 
July 31 10 0 0 140 70 140 70 14.0 
Aug 31 24 20.5 340 170 30 100.5 16.6 


V. Those added during the July and 
August periods have been averaged 
and are recorded in Table VI. Avail 
able nitrate oxygen is caleulated as be 
ing 50 per cent of the sodium nitrate 
used; the pure compound contains 
96.46 per cent oxygen 

A total of 70 tons of nitrate was 
added to the river at Rilev, Me., about 
17 mi. north of the pool. These addi- 
tions were made in order to study the 


fate of nitrate in this section of the 


Location of Addition 


Androscoggin, where conditions may 
change rapidly due to dams, power 
plants, rifles, and small sewer outfalls 
The results obtained were inconclusive, 
due in part to the considerable re 
aeration in this area. Some of the ni 
trate arrived in the pool when ex 
pected, but much of it beeame way 
laid, and on two occasions a segment 
of the water in the upper part of the 
pool was found to have a comparatively 


large ammonia content 
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FIGURE 6.—Inorganic nitrogen analyses at Gulf Island Dam station: (1) Ammonia 
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Fate of Nitrate Added to Pool TABLE VII.--Inorganic Nitrogen at Various 


Depths, Androscoggin Pool 
the intermittent addition 


to the water, its penetra Nitrogen G 
t depths with differer Sa | Dept 
t the ex NH NO NO) 
nant areas in the el 
June 27 | Mile 0.5 10 0.025 0.001 | 0.044 
0040 0.002. 0.033 
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a qualitative pictur I 
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the sampling stations Mile 1.0 10 0.450) 0.004 | 0.059 
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Through the summer months there 
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f sodium nitrate to the water did not 
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va wider neat tr 
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Hydrogen Sulfide 
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a sultide content so low that the odor 
from the water would not be objection- 
able. The maximum amount of hydro- 
gen sulfide found in the canal water 
was 0.01 p.p.m. on July 21. On Au- 
gust 4, 17, and 18, the concentration 
was less than 0.01 p.p.m. All other 
tests were negative. Hydrogen sulfide 
odor in the air was not detected by an 
experienced observer from the bridges 
over the canals or river, or in the 
downtown areas at any time during 
the period of control. These conditions 
were in marked contrast to those ex- 
perienced during the past 10 years, 
when the odor of hvdrogen sulfide 
could be detected, in intensities vary- 
ing from faint to strong, for consider 
able periods during the summer 
months The decrease in hydrogen 
sulfide, in both the water and the air, 
during 1948 and 1949 was due to re- 
duetion of the sulfite pollution load 

partially offset by abnormal low river 
flow) and to the use of sodium nitrate, 
which, in an appreciable part of the 
water, prevented anaerobic conditions 
or shortened the period of their ex 
istence 

The hydrogen sulfide content in the 
water present in the southern end of 
the pool varied from 0 to about 1.0 
ppm. Abrupt changes in concentra 
tion were noted at different depths in 
the same locality, and the deepest strata 
did not always contain the most hydro 
gen sulfide One set of samples from 
a location where the water is 61 ft 


deep gave the following results: 


Dept Has Depth 
ft pp ft 
5 0.25 10 0.00 
20 0.21 5 O18 
30 0.00 0 0.73 


Two davs later, at the same location, 


the hvdrogen sulfide concentrations 


wer! 
Dept Hs Deptt Hs 
po 
5 0.00 10) 0.00 
a») 0.12 45 0.36 
0.15 60 0.25 


Although the sodium nitrate additions 
probably were a factor in producing 
variations, the ever-changing rate of 
drawdown at the powerhouses, and 
the effect of differences in temperature 
of the incoming water, must also con- 
tribute to the stratification pattern. 
To these must be added the fact that, 
in the Androscoggin River, the be- 
havior of Sporovibrio desulfuricans is 
at times entirely unpredictable and 
they may produce appreciable amounts 
of hydrogen sulfide within a few hours 
and then decrease their activity. 


Plant Stimulation 


In the portion of pool where the 
nitrate was added, the contour of the 
banks and shores is such that very few 
aquatic plants are able to establish 
themselves. Many of the banks are 
steep and contain little or no top soil 
in or near the water. The few small 
areas where aquatic plants grow were 
inspected from time to time; no ob 
servable increase was recorded. 

Blue-green algae (osecillatoria) have 
not been observed in any appreciable 
quantity. When present, they are at- 
tached to small pieces of floating sludge 
or zooglea. Through the summers of 
1948 and 1949, the use of sodium n 
trate did not produce any significant 
changes in the blue-green algae popu 
lation. 


Cost of Sodium Nitrate 

With the exception of the boat, there 
were very few expenditures for capital 
account Natural Chilean and syn 
thetie sodium nitrate were used in this 
project, and as the price of the nitrate 
from each source delivered in Lewis 
ton was different, the costs were aver- 
aged at $61.32 per ton 

The expense of trucking to the land- 
ing at the pool, adding to the water, 
testing, ete., approximated $9.00 per 
ton. The entire control program was 
financed by the pulp-producing com- 


panies, 
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Analytical Methods 


The analytical procedures employed 
in this project are described in ‘‘ Stand 


ard Methods”’ (6 Hellig 


viass reference standards were used 


eolored 


or the determination of ammonia and 
Litrite Nitrates were reduced to am 
montia to avoid interfering substances 
livdrogen sulfide was removed fron 
the sample by nitrogen and evaluated 
the zine acetate, iodine-thiosulfate 


method 
Summary 


f 641.5 tons of sodium ni 
rate was added to the Androscoggin 
River during 44 days in the summer of 
1949. Of this amount, 561.5 tons were 
deposited in the southern portion of 
the Androscoggin pool 
2 When added to water about to b 


ome anaerobic, the nitrate oxvgen was 


readily utilized and ammonia was the 

principal reduction product 

}. The addition of sodium nitrate 


permitted a more flexible and = ec 


Pollution of tl Andre 
iver Industr Was 
( Measures Thereof 
Rost Sx of Civil Eng., 36 
rminath 
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\ tae Rive ind Pond S 
20 Sant 
148 
I So Nitrat if 
to t Water 


20 ° and 2°] 


nomic use of the river as a carrier ot 
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sulfite waste liquor by reducing the 
apacity to create a hydrogen sulfide 
dor nuisances 

$. Exclusive of capital expen litures 
vhich were relatively small, the nitrate 
program cost $45,000 and was charged 

cost of production account 

>. The 1949 Androscoggin River con 
trol program, which ineludes adjust- 
ment of production, as well as the use 
if sodium nitrate produced the most 
favorable summer odor conditions that 
“\ existed in the Lewiston and Au 


burn areas in a decade 


Acknowledgments 

Appreciation Is expressed to all 
whose efforts contributed to the com 
pletion of this project The valuable 
support and assistanee given by the 
OM panies epresentatives A 
Webber, Brown Company ; E. L. Lamb, 
Oxford Paper Company; and O. E 
\nderson, International Paper Com 


pany-——are gratefully acknowledged 


References 


Starke R. I und Wight, K. M., Ai 
aerobie Corrosion of n Soil 
Amer. Gas Assn.. New York 1945 

‘Standard Methods for the Exa hation 
f Water and Sewage.’’ Rth | 


Amer. Publie Health Assi 19423 
Vaal, H. M.. and Stander, G. J., ‘‘ Dis 
cussion on the Utilitv and Limitations 


of the Methylene Blue Stability Test 


for Sewage Effluents.’’ Inst 
Sewage Purif. Part TI, 355 O39 

Heukelekian, H., ‘‘Effeet of the Additior 
of Sodium Nitrate to Sewage on Hy 
rogen Sulfid Produetior in B.O.D 


Reduction.’’ Sewaq Journa 


E 
= 
| 
| 
22 
= 
4 

: 

; 
j 
a Ney 1 79. 175 a 
Sanborn, N. H Nitrate Treatment of 
ig 
“a 


THE OPERATOR’S CORNER 


Conpucrep BY Hersert P. OrLAND 


SETTLEABILITY INDEXES FOR ACTIVATED 
SLUDGE 


By Fincu anp Haroup Ives 


Sewage Disposal Dept. Laboratory, County Borough of Rotherham, 


Yorkshire, 


Almost since the inception of the 
activated sludge process as a means of 
purifying sewage, plant operators 
have been on the look-out for methods 
of control which, ideally, and from 
analysis, would give accurate informa- 
tion relating to the performance and 
load-carrving ability of the activated 
sludge process and, at the same time, 
could be carried cut expeditiously in 
the laboratory. Such a method would 
give practical and up-to-the-minute as- 
sistance in control of aeration proc- 
esses, instead of just producing the 
purely ‘‘historical’’ statistics associ- 
ated with the analytical analyses at 
present in use as a means of control. 

This desirable state of affairs has 
not been attained, even in the proposed 
method outlined herein. However, 
quite a few attempts at a solution to 
the problem have been made at various 
times with varying degrees of success 
This article is presented as the result 
of certain work in this connection car- 
ried out during 1949 in the laboratory 
of the Rotherham Sewage Department. 


Present Indexes 
Apparently, the majority of work on 
this subject has been carried out in the 
United States. As far back as 1920, 
various ‘‘sludge indexes’’ were intro 
duced as a means of assessing the qual 


England 


ity of a sample of activated sludge and 
its ability to purify sewage. The in 
dexes are empirical values, which can 
be arrived at by any of a number of 
different techniques, devised by differ 
ent investigators as follows: 


1. Theriault (1), in 1920, determined 
the suspended solids in p.p.m. by 
weight of a sample of sludge and the 
volume of sludge settled in 15 and 30 
min. in a 1-l. graduated eylinder 


Sludge Index (Theriault) 
Susp. sol. in p.p.m.) 
~ Vol. settled in 15 or 30 min. (ml.) 


2. Donaldson (2), in 1931, deter 
mined per cent suspended solids by 
weight and per cent settled in 30 min 
in a graduate 


Sludge Index (Donaldson) 
Susp. sol. 100 
Vol. settled in 30 min. (©) 
3. Haseltine (3), in 1932, determined 
the suspended solids in p.p.m. by 
weight and per cent settled in 30 min 
in a 500-ml. graduate. 


Sludge Index (Haseltine) 
Susp. sol. (in p.p.m 
Vol. settled in 30 min. (7 
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Present Indexes as Control Measures 


The various sludge indexes are used 


<tensivelvy in the United States, and 
a lesser degree in Great Britain, as 
-ontrol for the activated 


processes, W hether in complete 
treatment or partial treatment plants. 
As a routine test offering a guide to 
the successful working of an activated 
sludge plant it is claimed by some op 
quality 


of the sludge or in the ability of the 


ators that variations in the 


sludge to do a certain amount of work 
are indicated by increases in the Mohl 
n Sludge Volume 


Index and that 


onversely, any decrease in the figure 


will indicate a decreasing load or a 
sludge able to do more work. Thus, it 
s said, the Sludge Volume Index 
Mohlmar will give warning of the 


mminence of bulking conditions and 


ilow of corrective measures being 


taken to check this condition at the 
onset 
reasonably argued, 
therefore, that the sludge indexes in 
use in many laboratories make 
a fair attempt at fulfilling to a lesser 
vreater degree two of the require 
above, and 


tests for aeration 


nearer to eontroi 


esses than ar other, providing 
the time 7? tor ¢ Ss ! mat rially In 
e Ti Lilie results 


Method of Determining the Mohlman 
Sludge Index 


The Mohlman Sludge Volume Index, 


which is essentially a laboratory and 
not a field test, was adopted at the 
Rotherham sewage works as a prospee 
tive means of eontrol of the Sheffield 
system b eration process As ree 
mmended by Standard Method 
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ated cylinder, from a sample of aeti- 
vated sludge from the aeration tank. 

2. Determination of suspended solids 
in the same sample of sludge. Then, 


Per cent settling by volume in 30 min. 


Per cent suspended solids 


Criticism of Sludge Volume and 
Density Indexes 


ffect of Consolidation 


One eriticism that well may be lev- 
elled at the present sludge volume and 
density indexes is the great effect that 
consolidation has on the percentage 
of sludge settled in 30 min. This is 
illustrated by Curve 1, Figure 1, 
which clearly indicates that consolida- 


tion of the settling sludge commences 
after about the first 6 min. of the 30 
min. period. The consolidation must 
necessarily mask to a large degree the 
quality of the sludge as judged by 
sludge volume and density indexes and, 
on oecasion, tends to give almost similar 
indexes for sludges of different char- 
acter. The net result of the consolida 
tion on the sludge index is the pro- 
nounced damping effect exerted on the 
sensitivity of the test, thus producing 
a very sluggish and not too satisfactory 
works routine control. 

Obviously, a test of this character 
should be sensitive to a reasonable de 
gree to be of any real practical value 
and, in this manner, give due warning 
of any changes taking place within the 
aeration tank. Insensitivity must, of 
necessity, lead to insufficient and un 
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FIGURE 1.—Sludge settlement curves for activated sludge. 
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reliable warning of the approach of 


1 tite 
rie fa 


in any plant control analysis scheme, 
and in the ease of the 

the 
substituting the 
for the Gooch 


determination of sus- 


Factor 


tor 1s very important 


particularly so 
control of 
Rotherham 
Whatman 
erucible in the 


pended solids, it 


aeration processes. At 
works, by 
filter cup 
was found possible 
Mohlman Sludge In- 
3 hr., along with the other 

Although this con- 
stituted an improvement on the Gooch 
crucible 


to determin he 
} 


adex in about 


routine analyses 


method, it still was considered 


short of 


the practical essentials 


when taken into acéount with other 


ndesirable features 


Rate of 
Possibly the most critical 


control 
hiv plant 1s 


Neltlement 


factor in 


fluencing 


f any activated 
the in 
on produced by changes in the 

settlement of the 


solids In 


contained in 


activated 
vidoe general, it may be 
id that dense which settle 


CKIV, are the ones that give the most 


sludae 


isfactory results in aeration proe 
bulky which 
with difficulty, are the ones giv 
Rate of 
applied to the 
of activated sludge, 


the 


s, and light 


settle 


sludges, 


} 


e unsatisfactory results 


lement, then, as 

Sample 
( factor in control of 
processes 
rican 


sludge indexes at 


although taking into 
nint of solids settled in 
reasonably be said to 
fact were 


rate of 


they in 

settlement 
solids uninfluenced 
Examination of 

1 shows that reasonably unre 

d free-falling conditions for par 
r activated sludge are easily ob 


ine the ¢« of per ‘ent 


n minutes 


INDUSTRIAL 
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when the unrestricted settlement phase 
and the consolidation phase are readily 
seen. In average cases, the free-falling 
period extends from about the end of 
the first the Sth to 8th 
minute. After this period the par 
ticles are influenced by the effects of 


minute to 


consolidation 


Suggested Sludge Indexes 
It appears a_ well-established fact 
l-aerated good quality sludge 
invariably settles readily. It 


that a we 
would 
appear that, on examination of all the 
facts connected with the practical 
evaluation of any test indicating qual 
itv of activated sludge from the point 
of view of sewage purification, one 
This one 
useful 
ability of a 


factor inevitably emerges. 
factor, the 
the 
sample of activated sludge to purify 
the 
unrestricted 
without 


which gives most 


guide in assessing 
sewage, 1s the rate of 
under condi- 
(that is, consolidation 

If this same change in the rate of settle 
ment were actually tied up with the 
amount of suspended solids present in 
this might well 
become a very useful test to assess the 


change in 
settlement 


+ 
TIONS 


the activated sludge, 


quality ofa sample of activated sludge, 
and the reby to assist in the control of 
aeration processes, 

although this 
‘‘elassical’’ as far as 
still suffers 


from the time factor for manipulation, 


Unfortunately, test 


might be more 
accuracy is concerned, it 
in which several hours 


is obtained 


must elapse 


re the result of the determination 
Ilowever, if it is assumed 
that in an average aeration process the 
ls content is kept within 


easonable limits, the factor of 


SUS] d soli 
amount 
of suspended solids may well be elimi 
and the rate of 
settlement used to sludge 
index.’’ 

In this manner, a ‘‘Sludge Settleabil- 
tv Index’”’ 


factor of 
indicate 


nated sole 


could be produeed in 10 
min. by plotting the per cent settlement 


sludge vs. time curve at 1l-min. in 
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tervals, thereby producing the unre-  solidation factor is eliminated in this 


&g stricted settlement phase of the tra- procedure. 
- ditional curve, in which case the 
4 tangent of angle 6 (Figure 1) would Method No. 2 
‘ represent the ‘‘Sludge Settleability In- This method, which has been tried 
dex.”’ out with considerable suecess at Roth- 
Attention is drawn to section A-B — erham, consists very simply of plotting 
: of Curves 1 and 2, Figure 1, which — the curve of per cent settled solids vs. 
represents the unimpeded rate of time for a sample of activated sludge 
settlement of a fairly good quality ae- and determining the tangent of the 


tivated sludge and one not so good. It angle subtended by the free-falling 
will be seen that point B represents portion of the curve (A-B, Figure 1) 
the end of the free-falling phase of and the vertical. The curve is pro- 
settlement, and section B-C the con- duced on graph paper and the read- 
solidation phase. ings are taken at 1-min. intervals for 
Method No. 1 10 min. It is, of course, important that 
the scale to which the charts are drawn 

In this method, a graph is drawn of should be of such proportions as to 


Ih per cent sludge settled vs. time in give a reasonably open curve, and the 
iis minutes. The suspended solids are de- ratio of the x axis units to those of the 
termined by filtration through a What-  y axis must be the same for all the 
man filter cup and drying at 100° C. — eurves. 
nclusion 
: Sludge Settleability Index Conclusions 
sludge indexes at present in use 
Sludge settled in 6 min. (“%) The ludg 
= 100 ml clearly indicate large variations in 
Susp. sol. (gm. per J mi. 
tnd 1S] oes } sludge condition (see Figure 2), but 
ot It should be pointed out that the con- suffer from the effect of consolidation 

4 - + 4 + one | +4 + +--+ 
INDEX =a 444 + = + 4 + t + A 4 + +--+ 
= +-4-4 4 + + + + + 4 A 
APRIL 1944 AUGUST 1949 SEPTEMBER 1949 
: FIGURE 2.—Effect of sludge condition variations on sludge index. 
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‘ and the time factor. Use of the Sludge The sample as poured from the bottle 
Settleability Index (Method No. 1), settled to 80 per cent in 30 min. After ‘ 
based on a 6-min. period of settlement gently shaking in the cylinder, it 
in place of 30 min., excludes the eon- settled to 40 per cent in 30 min. Af- 
solidation phase, but the time factor ter gently shaking a second time, it 
till remains settled to 30 per cent in 30 min.; after 
When the suspended solids content a third time, to 70 per cent in 30 min. ; 
of the activated sludge remains rea after a fourth time, to 48 per cent in 
sonably constant, indication of changes 30 min.; and after a fifth time, to 44 
in sludge quality is rapidly illustrated per cent in 30 min. No doubt, this is 
by changes in the Sludge Settleability due to flocculation and deflocceulation 
Index (Method No, 2), as instanced by occurring during shaking and it would 
the slopes of the portions A-B of the appear that the ideal way of obtaining 
sludge settlement curves. This slope, the sample would be to take the 1-1 
represented by 1,000 tan 6, as observed graduate and dip it into the aeration 
for a number of samples of the Roth tank contents, adjust to the 1,000-ml 
erham activated sludge, is contrasted mark, and allow to settle for the 
with the Sludge Settleability Index requisite period 
Method No. 1) and the Mohlman In During the course of the investiga- 
ex in Figure 3 tions it was observed that there might 
Nhe method of sampling can se- be some relationship between the slope 
ously affect the results Kor ex of the portion D—C of the sludge settle 
ample, the following phenomenon has ment curve (Figure 1) and the sus- is 
been observed with occasional samples pended solids eontent of the sludge. 
+ + + + + + + + vt A “iN r 
+ + + + > + + + + + + + 
+ + + + + + + 7 
FEBRUARY _1949 MARCH 1949 
FIGURE 3.—Comparison of variations in activated sludge as indicated by Sludge if 
Settleability Indexes and Sludge Volume Index (Mohlman). 
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FIGURE 4.—Relationship between suspended solids content of activated sludge with 
slope of sludge consolidation curve. 


Figure 4 shows this factor, as repre- by weight. However, further research 
sented by 1,000 a, compared with the on this aspect is required before any 
suspended solids in parts per 100,000 definite conclusions may be drawn 
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Process at Salinas, California, with (1946 


OPERATING EXPERIENCES AT GROVE CITY, PA. 
By J. N. 


Operator, Sewage Treatment Plant, Grove City, Pa 


The sewage treatment plant at Grove ment of the mechanical aeration, acti 
City, Pa., was designed to provide pri- vated sludge type for a flow of 1 
mary treatment plus secondary treat-  mw.g.d. However, when the plant was 
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built (1938) and before the 6 aeration 
tanks were filled, high water from the 
nearby creek raised the tanks like a 
boat 

Despite various expedients—inclu 
ing blasting-——to return the tanks to 
the design elevation, they still re 
mained 8 in. above their original level 
As a result, all flows greater than 0.75 
m.g.d. would drown out the effluent of 
the primary tanks, which were pro 
vided with mechanical sludge removal 
Furthermore, at these flows huge quan 
tities of suspended solids and settleable 
solids would be carried over into the 
secondary treatment units 


Attempts at Improvement 


Ob iously something had to be done 
to change the existing conditions. The 
effluent weir of the primary tanks was 
raised 6 in., which changed the hy 
dranlics of the plant. In so doing, 
the flights skimming the surface were 
tlooded out, along with the scum trough 
Ordinarily, the scum trough backed up 
the top liquor so that there was a 5 
or 4-in, depth of septic sewage over the 
entire primary tank surface With 
the thought in mind that grease would 
float almost as soon as it entered the 
tank, the seum troughs were relocate 


in the first quarter of the tank and the 
scum removed manually. 
Since the change, the primary efflu 
ent weir does not flood out until a flow 
of 1.2 m.g.d. is reached. In addition 
septic sewage does not form on top 
of the primary tank. Before the change 
was made, the primary tank removals, 
averaged over a year, were 65.9 per 
cent of the settleable solids, 63.3 per 
cent of the suspended solids, and 44.2 
per cent of the 5-day B.O.D.; after 
the change, removals averaged 90.3 per 
cent, 72 per cent, and 57.5 per cent, 
respectively 

Prior to the change, the sludge 
blanket in the final clarifiers would 
gradually rise each day between 10 
4M. and noon until it ran over the 
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effluent weirs. The changes in the pri- 
mary tanks relieved this condition 
partially, although on days of heavy 
loading quick manipulation by the op- 
erator was the only means of keeping 
the sludge blanket down. The sludge 
index would remain at an average 
value of 500, but on some days would 
be as high as 1,000 

At the design flow of 1 m.g.d., the 
theoretical detention period in the 
aeration tanks is 7.5 hr. The average 
summer flow at the plant is 0.75 m.g.d. 
During 6 hr. of the day, the 1-m.g.d. 
rate of flow prevails at the plant, but 
during the night sewage flow drops as 
low as 0.3 m.g.d. Thus, the daylight 
flow received 7.5-hr. aeration, but the 
low night flow received as much as 17- 
hr. aeration. A study of the situation 
revealed that it was the low night flow 
that was causing the trouble, as after 
the sludge blanket would fall the efflu 
ent would clear up until only 1 or 2 
p.p.m. suspended solids remained. 

Digester supernatant, which was usu 
ally lagooned, was tried as a sludge 
settler. Addition during the daytime 
did not give the hoped for results, 
however, as it was the low night flows 
that were causing the final clarifier 
trouble. 


1949 Changes 


In May 1949, in an effort to increase 
the flow capacity of the secondary 
units, the effluent weirs of the aeration 
tanks were lowered 2 in. This adjust 
ment reduced the detention period 
slightly. At the same time, one of the 
6 aeration tanks was taken out of 
service altogether. From January 
through April, the relative stability 
averaged 92 per cent, but during May 
it fell to 75 per cent. The aeration 
tank weir adjustment however, 
brought the relative stability value 
back up to 97 per cent, at the same 
time increasing the plant’s flow ca 
pacity from 1.22 to 1.42 mg.d. B.O.D 
removal after the change averaged 
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The unbalanced loading on the aera- 
tion tanks continued to cause trouble, 
however, and remained the No. 1 head- 
ache in operation of the plant. In 
plants, using diffused air, 3- 
shift operation permits reduction in 
air as the With 


however, air is 


larger 
loading is reduced 
mechanical aeration, 
supplied at the same rate throughout 
the 24 hr., resulting in over-aeration 
during low load periods. At 
City 


Grove 
moreover, equalization of aerator 
loading by return of supernatant liq- 
uor to the aeration tanks could only 
be accomplished during the §8-hr. pe- 
riod of operator attendance. 

To remedy this shortcoming, a time 
switch was installed on the supernatant 
that supernatant could be 
returned to the influent of the aeration 
tanks during low load periods at night, 
and thus even out the load on the 
With this arrange 
ment, hourly samples over a 24-hr. pe- 


pump. so 


aeration process 


EXTRACTS FROM OPERATION 


REPORTS S41 


riod showed the sludge index varying 
from a low of 87 to a high of 212, 
with an average value of 135 for the 
month of September. The problem of 
disposing of the supernatant was also 
solved for much of the year by this 
method of operation, as lagooning is 
necessary only when lack of drying bed 
space precludes withdrawal of sludge 
from the and increases the 
solids content of the supernatant. 


digester 


Digester Heating Is Poor 


The primary digester at the plant is 
in need of draining and cleaning. In 
addition to the grit accumulation in 
the bottom, there are undoubtedly some 
Fur 


coils 


leaks in the heating coil piping 
thermore, additional heating 
should be installed while the digester 
is drained, as with the present coils it 
is impossible to raise the digester tem 
perature to more than 80° F, 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘If you don’t get everything vou want, think of the things | 


ou don't get that you don’t want.’ 


Anon 


Journal. 
Please direct annual reports to 
[linois Bldg., Champaign, Il. 


Attention operators! It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 
Federation of Sewage Works Associations, Room 325, 


Annual Report of the Kenosha, Wis., Sewage Treatment Plant for 1949 


By Frank I. Viren, Superintendent 


The Kenosha, Wis., sewage treatment 
plant provides primary treatment with 
sludge digestion and = gas 
utilization. Full utilization of plant 
capacity has been limited in past years 
because of the build-up of toxie eopper 
concentrations in the 


separate 


digesters, due 


to brass wastes 


The calendar vear 1949 was the first 
in the 9 vears of plant operation when 
all of the dry-weather flow from the 


city was treated. The 100 per cent 
increase in plant load over that in 
1947 resulted from taking into the 


plant all of the sewage flow tributary 
to a major trunk sewer previously by 
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copper wastes 

load (11.4 m.g.d 

with 5.72 m.g.d. in 1947 
imposes a greater burden o1 
nt and treatment faciliti 
ted with the 10-vr. age 


ent, increases maintenance: 


out 


iddition. the flov 


if sewage 
increase in load is fore 
community grows, but 
be expects d with 
storm-water diversion 
planned. Considerable 
gained, especially dur 
orm conditions, by removal 
stem of the hundreds of 


overloading it 


onecel 
for 1949 


pare witl 


1949 has 
oftic ial 


meth 


industry 


1949 as in 


concentration in digester sludge aver- 
aged 13.5 per cent, or a reduction of 


51 per cent 


Viscellaneous 


The annual cleaning of the Pike 
Creek interceptor each winter, and its 
oincident change in sewage character 
istics, has an adverse rect on diges 

Gas production falls below nor 

when it is most needed, and in 
1949 it was necessary to purchase vas 
for additional fuel in the amount of 
$102.74. The sewage treatment plant 
s also foreed to purchase additional 
electric power for pumping during this 
period of low gas production 

Operation data for 1949 are sum 


marized in 


TABLE I.- Summary of 1949 Operating Data, 
Kenosha, Wis., Sewage Treatment Plant 


Average 
2067 
11.40 
1.1 


Raw sludge 
Dry solids (ib. per « ) 4350 
Volatile dry solids (ib r day 5,690 
Sludge gas (cu. [t. per 
Produced 16,200 
Consumed 33,870 
Digested sludge lrawn 
Wet sludyg \ 1,530 
Solids ([%) 0.53 
Volatile matter (¢ 53.6 
Influent 101 
Final effluent 60 
Reductior 1] 
Suspended solids (p 
Influent 150 
Final effluent 70 
Reduction (©) 56 
374 
120,000 
14 to 6.5 
electrical energy, 174,650 


Operating 


14,29 
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Annual Operation Report of the Ann Arbor (Mich.) Sewage Treatment Plant 
for the Year 1947 * 


By C. Preston Wircner, Superintendent 


The results obtained in 1947 were 
eminently satisfactory, especially when 
the adverse conditions under which the 
plant operated are considered. The 
plant was designed as a 4.5-m.g.d. plant 
with 12 min. of preaeration, 1 hr. of 
primary settling, 6 hr. of aeration, and 
21, hr. of final settling, or a total plant 
detention time of approximately 9.5 hr. 
The average flow during 1947 was 
6.6 m.g.d., which reduced the total 
treatment time to 6.8 hr. On an aver- 
age basis this would not have been too 
difficult, but instead of momentary 
peak flows of about 6.5 m.g.d. for the 
$.5-m.g.d. average design flow, the 
plant has had to contend with pro- 
longed peak flows (9 hr. daily) of 
over 8 m.g.d. for an average 6,6-m.g.d. 


flow 


Activated Sludge 


Peak flows are of utmost importance 
in activated sludge treatment as far 
as the settling rate of the sludge is 
concerned, Obviously, a slow-settling 
sludge, which might be accommodated 
successfully in final tanks having 2 hr. 
or more detention, might be much too 
slow to settle in tanks providing only 
l hr. detention. Therefore, it has been 
necessary to maintain a fast-settling 
sludge at all times, as the final settling 
time is only about 1 hr. at the prevail- 
ing peak rates of flow. Actually, the 
time is much less than this, because at 
high flow rates short ecireuiting is ag- 
Some idea of the high final 
tank velocities may be gained from 
around 
15,000 g.p.d. per foot of weir, instead 
of the 8,000 to 9,000 g.p.d. eontem- 
plated in the original design, and the 
tank overflow of over 1,500 g.p.d. per 
sq. ft. at peak flow rates. 


vravated. 


the weir overflow rates of 


* For last previous extract see: Sewage 
Works Journal, 20, 5, 914 (Sept., 1948). 


Maintenance of a sufficiently oxi- 
dized activated sludge of proper set- 
tling characteristics is dependent, of 
course, on the aeration cycle. The 
original design of the aerators was 
caleulated on a basis of about 5,000 
lb. 5-day B.O.D. per day, or about 26 
lb. per 1,000 cu. ft. of aeration tank 
volume. Approximately 1,000 cu. ft 
of air was provided for every 1.9 Ib 
B.0.D. These design values provide 
fairly well for maintaining enough ae 
tivated sludge to adequately treat 
5,000 Ib. B.O.D. per day and insure a 
properly functioning aeration cycle. 
In 1947, an average of 9,300 Ib. 5-day 
B.O.D. was applied per day. This 
was at the rate of about 48 Ib. per 
1,000 cu. ft. of aeration tank volume. 
The available air supplied only 1,000 
eu. ft. of air for each 1 Ib. B.O.D. 
applied. In other words, the aeration 
cycle operated at 86 per cent over its 
designed capacity on an average basis, 
and at well over 100 per cent overload 
on most weekdays. 

The detention period in the primary 
tanks has been reduced to between 
30 and 40 min. This shorter period 
increases the velocities through the 
tanks, resulting in more load being 
carried through to the secondary proc- 
ess. Under present operating condi- 
tions, provisions for scum removal from 
the final tanks would be a valuable 
asset. Mechanical skimmers have been 
installed in the primary tanks and are 
a decided help in continuously remov- 
ing all scum that forms, but a eonsid 
erable amount of material never 
reaches the surface and is carried 
through to the secondary process, 

The worst feature of the short de- 
tention time in the primary tanks is 
encountered when trying to waste acti- 
vated sludge The only available 
method of wasting this material is by 
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pumping it to the incoming sewage for 
settling and removal in the primary 
tanks. When a waste sludge of proper 
settling characteristics is settled out 
during the low flow period (about 2 
A.M. to 8 A.M.) not too much trouble ts 
encountered, but it is almost impos- 


sible te ret rid of a poorls settling 


sludge with the facilities available 
In July, a slug of phenolic industrial 
waste completely destroved the settle 


ability of the activated sludge, Nor 
mally, with sufficient capacity to waste 
the poor material out of the secondary 
process, proper operating conditions 
‘ould have been re-established within 
24 hr. As it was, it took about 5 days 
o get back to normal, during which 
ime the waste sludge was returned to 
the primary tanks, failed to settle out 
and be removed as intended, came back 
to the secondary process in worse co! 
ition, if possible, than when it was 
originally wasted, got into the final 
settling tanks, and boiled up into the 
final effluent. For almost a week there 
were about twice as many suspended 
solids going out in the final effluent as 
were being received in the raw sew 
age, all because of inability to get the 


waste sludge out of the system 


Digesters 


The two digesters are doing a re 
markable job of digestion, but are so 

rloaded that there is no time for 
separation and compaction of sludge 
The average volatile loading has been 
1 Ib. per day for each 17 en. ft. of 
apacity, as compared with a desirable 
loading of 1 Ib. per day for each 30 
eu. ft. of capacity. The detention pr 
riod in the tanks has averaged 22), 
davs. whereas 50 to 60 days are re 


quired for proper separation and con 


pactior hieh loading rates hav 
caused considerable trouble in main 
taining tank temperatures in 


maintaining alkaline conditions in the 
primary-stage digester. Auxillary wa 


ter heaters have been rigged up to keep 
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the tanks from dropping below 70° C. 
in the winter time. By continuous re- 
circulation of the primary digester, 
and oceasional back circulation of 
second-staze sludge to the primary, it 
has been possible to maintain alkaline 
conditions and a high rate of digestion. 
The reduction of volatile matter was 
$3.5 per cent, a rather low value. It 
is only when considering the small 
capacity available for this reduction 
that some idea is gotten of the rate at 
which digestion had to be accomplished. 
The resulting digested sludge is only 
1.3 per cent solids and is disposed of 
principally by lagooning, as the daily 


TABLE II.--Summary of 1947 Operation Data, 
Ann Arbor, Mich. 


\verage 
lotal rainfall (in.) 31.60 
Connected population 60,000 
Equivalent population (B.O.D.) 65,000 
Sewage treated (1n.g.d.) 6.6 
Suspended solids (p.p.m.) 
Raw 176 
Settled 107 
Vinal 11.8 
Per cent reduction 03 
B.O.D. (p.p.m.) 
Raw 201 
Settled 169 
Final 13 
Per cent reduction nt 
Activated sludge: 
Mixed liquor solids (p.p.m 1.850 
Aeration period hr.) 4.0 
Air used (cu. ft. per gal.) 0.9 
teturn sludge solids (p.p.m.) 5,500 
Amount return sludge (% by vol.) 31 


Raw sludge: 
Total solids (°%) 2.8 


Volatile solids (% 76.9 
Supernatant 

Potal solids (%) 0.60 

Volatile solids (‘7% 61.0 
Digested sludge: 

Total solids (% 1.3 

Volatile solids (% 65.3 
Digester gas 

Cu. ft per capita per day 0.04 
Operation cost (3 

23.73 

Per capita 0.95 
lotal cost (including all charges) ($ 

Per m.g 37.67 

Per capita 1.51 


(mount earned for depreciation ($ 
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volume is far beyond the capacity of 
the vacuum filter. 


Viscellaneous 


‘ A new lagoon, excavated during the 
summer and covering about 5 acres, 
already is about half filled. It is very 
doubtful if it will last through 1948. 
Almost every weekday, thousands of 
vallons of raw sewage by-pass directly 
to the river ahead of the plant through 


BETTER JOINTS FOR CLAY SEWER PIPE * 


By Harry J. 


Clay Products Association, Lincoln, Nebr. 


No sewer line is better than its weak- 
est part, which usually means its joints. 
The making of better joints is, there- 
fore, of prime importance in sewer con- 
struction and maintenance. For the 
past ten years, the Clay Products As- 
sociation, in cooperation with the 
Armour Research Foundation and the 
| Clay Products Institute of California, 
has been working to develop a jointing 
compound low in cost, simple in com- 
and with which it is easier 
and quicker to make sewer pipe joints 
a right than wrong. 


position, 


Ideal Specifications 


When the search for a perfect joint- 
ing compound was started it was de- 
cided that the ideal specification for 
such a compound should be: 


1. Adhesiveness to glazed clay pipe 
surfaces. 

2. Imperviousness toward the action 
of acids, salts, or other disintegrating 
substances found in sewage. 

3. Permanence in the joint-—that is, 
the absence of any tendency to shrink 
or embrittle over a long period of years. 

* Presented at 21st Annual Convention, 


North Dakota Water and Sewage Works Con- 
ference; Dickinson, N. Dak.; Oct. 6-7, 1949. 
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a diversion line that takes any flow 
above the hydraulie capacity of the 
line into the plant. 

With every tank and piece of equip- 
ment indispensable, a single breakdown 
would by-passing sewage 
and would force reversion to whatever 
type of treatment the remaining fa- 
cilities could accomplish. 

Plant operation for 1947 is summar- 
ized in Table IT. 


necessitate 


4. Pourability, or the property of 
being easy to run at the time the ma- 
terial is being applied to the joint. 

5. Sufficient mechanical strength to 
support the spigot of the pipe in the 
bell without squeezing the material 
out of the bottom. Also, sufficient 
stiffness to resist the penetrating on- 
slaught of roots pushing against its 
surface. 

6. Capable of being reheated without 
spoilage. 


Present Types 


In undertaking the development of 
a compound to meet these ideal speci- 
fications, tests were first made of all 
the types of jointing compounds on the 
market. These fall into four general 
classes: cement, mechanical, 


mastic, 
and hot pour. 

Cement joints are rigid and subject 
to disintegration from destructive ele- 
ments, such as chemically active sew- 
industrial and acids 
formed by the oxidation of hydro- 
gen sulfide in the However, 
the cement mortar joint is protected 
by the clay pipe itself, except for the 
small opening at the joint, so in stable 
ground where the pipe is not liable to 


age, wastes, 


sewer. 
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ement joint properly made 
satisfactory. 
ints may be of the cold, 


phaltie type, or they may 


of soduum silicate eements 


if the asphaltic mastie joints 
on oxidation and evaporation 
set, they usually remain soft 
Having no structural 
the weight of the pipe and 
ng usually pushes them out 


ottom of the joint space, thus 


an opening in the joint at the 


Sodium livcate cements are mixed 
m th b, much as are ordinary ee 
ment joints. Being entirely resistant 
to acids, these compounds may be used 
vhere extreme acid conditions are ex 
pected They will not withstand sew 

irrving alternate acid and alka 

! for thev are soluble in 

kalin astes and will wash away 

se il nthetic resins on the mat 
et ma he mixed eold at the job site 
After mixit they depend on chem 

il reaction between their powder and 
liquid for their set Thev are quite 

per tb.), but have the 
uivantave of beinyw resistant to strong 
acid or alkali wastes Recently, som 
ipparently satisfactory synthetic rub 
Der have been marketed 

| ire putty-l substances before 

rdening, and are extruded from a 

expensivi 30¢ per 
Ib t! will withstand acids, alkalies, 

nd al tmon solvents. By the above 

liner plates have been 

il t t the joints with a bead of 
the mat | protecting a cement joint 

Mechar | joints are made in tl 
manner of pourn i collar of asphalt 

! ld ta n tl spiget end of the 
pipe and ther collar of the same 
iterial il nal the of the bell 
\ solvent wiped over the surfaces 
of these tv llars before the bell ant 
spigot a forced together under pres 
sure r} solvent makes the asphalt 
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thus allowing the two 
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surfaces to knit together. A rubber 
gasket type of joint is also on the 
market, but the pipes must be almost 
perfect in dimensional measurements 
before the joints will fit properly. 
There are over 40 different patented 
types of hot-pour asphalt and sulfur 
silica jointing materials on the market 
Tests of these 
compounds showed many of them to 
be good, but none fulfilled all 6 of the 
requirements established for the more 


various commercial 


perfect compound 


Test Results 


No attempt will be made to go into 
detail on the thousands of tests made 
of various types of compounds, or the 
accelerated root penetration experi- 
ments on compounds of almost every 
Suffice it to 


say that the results of 10 years’ ex- 


conceivable combination 


perimentation resulted in two com 
pounds that can be unhesitatingly ree 
ommended for sewer work. The two 
compounds are known as ClaPipe Com 
pound and CPI-2. 


} 


is composed of a coumarone resin, a 


ClaPipe Compound 
plasticizer, and powdered silica. It is 
of a yellowish hue, melts and pours 
easily, and displays excellent adhesion 
to clay sewer pip It has more flexi 
bility than CPI-2 being about as flex- 
ible at 60° F. as CPI-2 is at 80° F 
Because ClaPipe Compound is more 
expensive than CPI-2, probably its 
only recommendation for use in pref- 
erence to CPI-2 would be in the event 
that a higher degree of flexibility was 
desired Both exhibit excellent re 
sistance to root penetration 

CPI-2 Compound is a ecoal-tar prod 
uct that melts and pours readily at 
about 350° F. [t will adhere excel 
lently to a elean, dry pipe, but will 
not stick to a damp, oily, or dirty pipe. 
For such conditions the simplest and 
best primer is a solution of paraffin 
petroleum thinner 


in Proportions of 


1 Ib. of paraffin to 1 gal. of thinner 


vorks out we ll 
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Where prejointed units are pre- 
pared, one pipe section is stood up- 
right on a flat surface, bell end up, 
and the spigot end of a second pipe is 
centered in the bell. To prevent the 
compound from running through into 
the inside of the pipe, about 1 in. of 
the annular space is packed with oakum 
or jute. Where more than two sections 
of pipe are jointed in the above man- 
ner, a vertical rack will insure perfeet 
alignment of the pipe while the joints 
are being poured. 

When joints are poured in the 
trench, more care should be taken to 
obtain a water-tight joint. Jute is 
packed into the annular space as be- 
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fore. It not only seals the joint, but 
also centers the spigot of one pipe in 
the bell of the other. A snake or 
runner is wrapped around the barre! 
of the pipe tight against the bell of 
the preceding pipe and clamped into 
position. Moist clay is smeared be 
tween the runner and the pipe and a 
pouring gate is formed of clay at the 
top. The gate should be placed slightly 
off center at the top of the pipe so 
that the compound will flow around one 
side, thus allowing entrapped air and 
gases to escape ahead of the flowing 
compound and eliminating the forma 
tion of air pockets and holes in the 
joint compound after it is set 


TIPS AND QUIPS 


Root and Fungus Control 


“Copper Sulphate for Root and 
Fungus Control in Sanitary Sewers 
and Storm Drains,’’ by John W. Hood, 
Superintendent of Sewage Treatment, 
Ridgewood, N. J., is the title of a 
timely treatise issued by the Phelps 
Dodge Refining Corp. The 24-page 
booklet deals with the various aspects 
of sewer and drain stoppage by root 
and fungus growths, from the view- 
points of both municipalities and home 
owners, and the method of alleviating 
such trouble through the use of copper 
sulfate. In addition to the factors of 
mechanical obstruction of pipes, odor 
nuisance, and detericration of struc- 
tures, the author cites the difficulties 
attendant on reduction in capacity of 
facilities and receipt at the treatment 
plant of stale sewage, with resultant 
increased treatment costs 

Although no apparent damage is 
done to shrubs and trees whose roots 
have penetrated sewers treated with 
copper sulfate for their control, the 
corrosive action of the chemical on 
metal pipes must be recognized, par- 
ticularly in the case of interior plumb- 


ing. Therefore, when dosing house 
sewer connections, the porcelain toilet 
bowl is always used and never the sink 
or other trapped fixture. Additional 
flushing water is required, so that the 
crystals of chemical are carried be 
yond the soil pipe system in the house 
and into the root-obstructed tile pipe 
outside the premises. 

Control of the copper concentration 
in the treatment plant influent is ob 
tainable through control of the quan 
tity of chemical used in the collection 
system at any one time. The required 
dosage in any limited area to be treated 
is dependent on the total mass of roots 
present in the sewers of that area 
Comparison of the pH-alkalinity value 
of a sewage with that of its wate: 
supply is used as an indicator of the 
general condition in the sewer, as wel! 
as of the beneficial results being ob 
tained by treatment. 

In mains and laterals, application of 
copper sulfate is by introduction of 
the crystals (medium size preferred 
into the flow at manholes. Some flow 
must be present; if complete obstruc- 
tion is encountered, mechanical means 
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necessary to the flow. Low 
as the concentra- 
highest at this time. Annual 
recommended 


the first 


start 


are 


fle W peri ds are be st, 
tions are 
pre ventive 


are 


following the reduction of 
root mass 

Internal accumulation of biological 
yrowths in pumps and force mains may 
be effectively reduced by hanging a 
bag of copper sulfate erystals in the 
inlet to the storage well. 
booklet may be ob 
from Phelps Dodge Refining 


10 Wall Street, New York, N. Y. 


Copies of ne 
tained 


p 


“Bicycle” Bosn’s Chair 


A new ‘‘bosn’s chair’’ type of cable 
tubular steel, 1-man plat- 


Sit- 


suspended, 


form hoist has been introduced 


FIGURE 1.—Pedal-driven, tubular, one- 
man hoist for work vertical sur- 
faces. 
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saddle, the 
operates standard  bicyele 
pedals to raise or lower the hoist by 
means of an efficient chain-driven 
winch. Movement of the hoist by foot 
power may be as fast as 25 ft. per min., 
either up or down, at the same 
leaving the worker’s hands free for 
other duties. Weighing lb., 
the unit can be handled by one man, 


ting on a_ bicycle-type 


worker 


time 
onlv 75 


and is rigged quickly for work in any 
location. The cable suspension is such 
that the cage will always hang in an 
upright position, with no possibility of 
tilting. Waist-high guard rails and a 
metal-mesh bottom tray are additional 
safety features, as are also the 3 auto- 
matic mechanical safety devices on the 
winch mechanism. 

The hoist is claimed to be useful on 
inspection, maintenance, and repair 
work on all sorts of walls, tanks, shafts, 
and other vertical surfaces, whether 
above or below ground. 


Digester Scum Reduction 

Indications that application of 
Cloroben to sludge digesters results in 
better supernatant and higher solids 
content in the digested sludge, as well 
us reduction in the thickness and sol- 
ids content of the seum blanket, were 
deseribed by A. Reiners, Cloroben 
Corp., Jersey City, N. J., in a paper 
presented at the 1950 Annual Meeting, 
New Jersey Works Associa- 
tion, held at Trenton, N. J., Mareh 22 
24, 1950. As a panel member in ‘‘The 
Manufacturers Speak’’ Mr. 
Reiners made a preliminary report on 
results obtained at three 
treatment plants where the compound 


Sewage 


forum, 
recently 


was applied to digesters under con- 
trolled conditions. 


One only domestic 


recelves 


second, 


plant 
mixed industrial 
The third plant 


indus 


sewage: the 


and domesti 


seware 


receives a large proportion of 


| 
| 
| 
| 
| 
a 
| 
| 
| 
| 
ab 
| 
= 
\ 
i < 
: Aa 4 
bs 
| 


trial wastes from a large tannery. In 
each of the first two cases, the primary 
effluent is treated with alum and the 
sludge is pumped to a single-stage 
heated digester with floating cover. 
Both digesters showed an accumulation 
Before treatment was 
started samples of the scum taken at 
various depths were analyzed for total 
solids, ash, and grease. During treat- 
ment, the sampling was repeated at 
intervals of 1 to 3 weeks. 

Treatment was started by adding a 
dilution of the chemical to the top of 
the scum blanket through the gas vents 
and center dome. The dosage, calcu- 
lated on the basis of volume, was ap- 
plied over a 3-day period in equal 
quantities as a 15 to 30 per cent dilu- 
tion. Thereafter, the required volume 
of chemical was added daily, as a 1 
to 5 per cent dilution, in the raw 
sludge pumped to the digester. After 
a couple weeks the scum bianket showed 
an appreciable reduction in solid con- 
tent and depth. Further indications 
of increasing scum solids were quickly 
dissipated by supplementary  treat- 
ments with 1 or 2 gal. of the chemical 
at the vents. In all cases, gas produe- 
tion continued at normal rates. 

At the plant handling only domestic 
sewage, a scum blanket estimated to 
be over 5 ft. thick was reduced in 79 
days to 2 ft. The Cloroben dosage in 
this case was 100 p._p.m. At the plant 
treating domestic sewage and industrial 
wastes, a chemical dosage of 200 p.p.m 
reduced the scum from its original 
4.5-ft. thickness to about 2 ft. in 50 
days. 


of heavy seum. 


At the plant handling heavy tannery 
waste flows (about 20 per cent of the 
total volume), Cloroben was originally 
added at the plant inlet for odor con- 
trol in the 9-m.g.d. flow, which receives 
primary treatment. After two-stage 
digestion, the sludge is conditioned 
with ferric chloride and dewatered on 
vacuum filters. 


TIPS AND QUIPS S40 


About two weeks after starting 
Cloroben dosage of the digesters in the 
spring of 1949, the filter cake showed 
numerous nodules, which were found 
to be hair balls. When the chemical 
dosage was stopped, the hair balls per- 
sisted for about two weeks, but gradu- 
ally disappeared. Two weeks after re- 
sumption of the treatment, hair balls 
reappeared on the filters. Scum thick 
ness was reported to be decreasing. 

Experiments are now underway at 
this same plant with one set of di- 
gesters receiving 100 p.p.m. Cloroben 
and the other, acting as a control, re- 
ceiving no treatment. Results of this 
study are expected to be reported at 
an early date. 


Forged Aluminum Manhole Steps 


Forged aluminum manhole steps and 
ladder rungs (Figure 2) for municipal 
and industrial installations are now 
being marketed. The new steps, forged 
from high-strength aluminum alloys, 
are available in three sizes, adaptable 
to eonerete, brick, or concrete block 
wall construction aceording to the pro- 
jection required. The alloys used are 
highly corrosion resistant, strong, and 
non-sparking, all characteristics essen- 
tial in uses where corrosive or explosive 
atmospheres are present. 


FIGURE 2.—Aluminum alloy manhole 
steps are non-sparking and _ corrosion 
resistant. 
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TEXAS SEWAGE WORKS SECTION 


1950 Annual Meeting 
College Station, Texas, March 12-16, 1950 


Phe 


Texas 


Annual Meeting of the 
Works Section was held 
during the Thirty-second Texas Water 
and Sewage Works Association’s Short 
Course at Texas A. & M. College. The 
Short Course 


was in session from 
March 12 through 16, 1950. All previ 
ous attendance records were broken 
with the registration numbering 514 

A splendid diversified program was 


planned for those attending the sew 


ave works sessions. Subjects covered 
included: sewer ordinances, construc- 
tion, financing, and maintenance; sew- 
aye treatment processes the problems 
involved, and the effect of industrial 
wastes on these processes; disposal of 
sludge and effluents; treatment plant 
records; and coordination of pollution 
surveys with remedial action. An in 
dustrial waste disposal symposium and 


a roundtable discussion also were fea 
tures of the program. 

The annual business session was held 
on March 14, with Chairman [. M. 
Dietz presiding. The following offi- 
cers were elected: 


Chairman: S 
Christi. 

Vice-Chairman: C. H. Connell, Gal- 
veston. 

Secretary-Treasurer: V. M. 
Austin. 

Asst. Secretary: Mrs. Ear\ V. Goodwin, 
Austin. 


Allison, Corpus 


Ehlers, 


The Federation was represented by 
President A. H. Niles, who gay 
history and resume of current Federa- 


>a brief 


tion affairs at the business meeting. 
V. M. 


Necre tary-Tr¢ asurer 


LOUISIANA CONFERENCE ON WATER SUPPLY AND SEWERAGE 


1950 Annual Meeting 


Baton Rouge, La., March 15-17, 1950 


The 1950 Annual Meeting of the 
Louisiana Conference on Water Sup 
ply and Sewerage was held at Louisi- 


ana State University, Baton Rouge, 


Mareh 15-17, 1950, in conjunction 


with the 18th Annual Short Course 
for superints ndents and operators of 
water and sewerage sy stems The 


meeting had a total registration of 75, 


last year’s attendance 


an increase 


The morning session of the first day 
was 4 Joint meeting featuring a dis- 
eussion on “‘The Problem of Water 
and Sewerage Extension in a Growing 
Community.’’ The program for those 
attending the sewage works sessions 


consisted of the following papers: 


‘*Sewage Treatment What it 


Does,’’ by George M. Sallwasser, as 


R50 


] 

| 
rok 

e 

Proceedings of Member Associations 
| 
; 
3 


Vol. 22, No. 6 PROCEEDINGS OF MEMBER ASSOCTATIONS S51 


sistant regional engineer, Louisiana 
State Health Dept. 

‘‘Experiences with a New Plant,’’ 
by Ben S. Graves, superintendent, 
sewage treatment plant, Shell Oil Com- 
pany, Norco, La. 

‘*Plant Control Tests,’’ by J. A. K. 
van Hasselt, public health engineer, 
Louisiana State Health Dept. 

‘‘Sewer Construction,’’ by Fred 
Smith, Carnegie & Smith, consulting 
engineers, Baton Rouge. 

‘‘Jointing Material,’’ by W. A. 
Wintz, Jr., assistant professor of civil 
engineering, Louisiana State Univer- 
sity 


**Municipal Sewer Ordinance,’’ by 
A. B. Ritter, regional engineer, Louisi- 
ana State Health Dept. 

An inspection trip to the Brooks. 
town sewage disposal plant (Baton 
Rouge) proved to be an interesting 
supplement to the meeting. 

At the business session on March 16, 
the following officers were elected: 
Chairman: H. W. Blakeman, Rayville. 
Vice-Chairman: L. J. Dore, Lafayette. 
Secretary-Treasurer: 8. V. Hazlip. 

S. V. Hazuip, 
Secretary-Treasurer 


KANSAS SEWAGE WORKS ASSOCIATION 


Fifth Annual Meeting 
Salina, Kansas, April 19-21, 1950 


The Fifth Annual Joint Meeting of 
the Kansas Sewage Works Association 
and the Kansas Section, AWWA, was 
held at the Lamar Hotel in Salina, 
Kansas, on April 19-21, 1950, At a 
special session for sewage plant opera- 
tors on the afternoon of April 19, two 
roundtable discussions were featured. 
Subjects considered by the panels in- 
cluded plant beautification and safety, 
jointing of sewers, construction § of 
house services, manhole spacing and 
construction, sludge digestion and dis- 
posal problems, trickling filter opera- 
tion, and operation and maintenance of 
pumps 

Other papers of interest to those con- 
cerned with sewage and_= industrial 
wastes treatment problems were: 


‘The Effect of Industrial Wastes on 
Sewage Treatment at Topeka,”’ by D. 


B. Kissinger, superintendent of sewage 
treatment, Topeka. 

‘*Needed Legislation for Pollution 
Abatement in Kansas,’’ by P. R. Shan- 
ahan, representative, Kansas Legisla- 
ture. 

“The Kansas River Basin Water 
Pollution Investigation,”” by P. D 
Haney, senior sanitary engineer, 
U.S.P.H.S., Cincinnati, Ohio. 


At the Annual Luncheon and Busi- 
ness Meeting on April 21, the follow 
ing new officers were elected to serve 
for the coming year: 

Chairman: D. B. Kissinger, Topeka. 
Vice-Chairman: Roy Binder, Hays. 
Secretary-Treasurer: D. Metzler, 

Lawrence. 

Dwicut F, Merzuer, 
Necretary-Treasurer 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 


Ohio Sewage and Industrial Wastes Gibson Hotel, June 28-30, 1950 
Treatment Conference Cincinnati, Ohio 


Pennsylvania Sewage and Industrial Pennsylvania State Aug. 23-25, 1950 
Wastes Association College, 
State College, Pa 


anadian Institute on Sewage and Bigwin Inn, Sept. 11-13, 1950 
Sanitation Lake of Bays, Ont 


West Virginia Sewage and Industria! Hotel Pritchard, Sept. 14-15, 1950 
Wastes Association Hluntington, W. Va 


Iowa Sewage Works Association Ilotel Blackhawk, Sept. 19-21, 1950 
Davenport, Ta. 


Georgia Water and Sewage Association Ga. Institute of Sept. 20-22, 1950 
Tee hnology, 


Atlanta, Ga. 


Rocky Mountain Sewage Works La Fonda Hotel, Sept. 27-29, 1950 
Association Santa Fe, N. Mex. 


Missouri Water and Sewerage Conference Sheraton Hotel, Oct. 1-3, 1950 
St. Louis, Mo. 


Federation of Sewage Works Hotel Statler, Oct. 9-12, 1950 
Associations Washington, D. C. 


Kentucky-Tennessee Industrial Wastes Memphis, Tenn 23-25, 1950 
and Sewage Works Association 


North Carolina Sewage Works W ashington-Duke Nov. 13-15, 1950 


Association Hotel, 
Durham, N. C 
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SEWAGE 
TREATMENT 
PLANT » 


Alexander Potter & Assoc's. 
NEW YORK, N. ¥ 


AT / 


The well designed di- 
gester control room 
: includes the following 
e items of P. F. T. Equipments 


P.F.T. Model 370 Digester Heater & P.¥.T. Pressure gauge on gas supply 
Heat Exchanger, with output of 370,000 line. 
B. t. u. per hour for digester eg 
plus 185,000 B. t. u. per hour for build- 
ing heating controlled through ‘‘DM"’ P.F.'f. 2° Low Pressure Check Valve id 
controls. on digester gas supply line. (a second 
it not sh 
Space heater with hot water suyplied by aan 
circulating pump located on Heater & 
Heat Exchanger Units taking hot water P.F.T. 2° Pressure relief and Waste 
from bath of unit. Gas Flame Trap on line to P. F. T,. 3” 
Waste Gas Burner (not sh . 
P.F.T. 2° Flame Trap on gas supply 
| line to Heater & Heat Exchanger. (a 
ef second unit not shown) © F.T. Five Scale Pressure Gauge. 


THIS MODERN SEWAGE TREATMENT PLANT ALSO INCLUDES: 


2—P.F.T. Floating Covers to fit 430° diameter digester. 
2—P.F.T. Supernatant Selectors. 

2—P.F.T. Supernatant Gauge, Sight Glass & Sampler Units. i 
4—P.F.T. Manually operated drip traps. i 


3 oy 4241 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
Be MEW YOR LOL ANGELES @ SAN CHAMLOINL «(DENVER @ 
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SEWAGE AND INDUSTRIAL WASTES 


Lithographed on stone by Rockwell Kent oe 
cast iron 
‘Meet the customers’ needs” has been 


our watchword for more than fifty years. PIPE : 
Whether it's pipe seven feet, or a few | | 
inches, in diameter~—or a complicated fit- fon cas. 


ting—-or a special casting—we have the 
equipment and the technical skills to meet 
almost any need for cast iron pressure pipe 
and fittings. Taking advantage of process 
developments and utilizing scientific 
methods to control quality, our plants are 
regularly manufacturing products that 
adequately meet our customers’ exacting 
requirements. United States Pipe and 
Foundry Company, General Offices: 
Burlington, N. J. Plants and Sales Offices 
Throughout U. S. A. 
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SEND FOR MANUAL 149--MODERN 
PROCESSES AND FQUIPMENT FOR 
SEWAGE AND INDUSTRIAL WASTE 
TREATMENT 

BIO-ACTIVATION —exclusive system 
combines best qualities of trickling filter 
and activated sludge. Bulletin 259A 
MECHANICALLY CLEANED 
SCREENS —with intermittent automatic 
control. Technical Supplement-MS-Com- 
plete Design Data 

GRIT CHANNELS —exclusive Camp 
Chamber design and Regulator vermit 
easy and instant variations in velocity 
Technical Supplement-CR-Complete De- 
sign Data 

GRIT SETTLERS —with conveyor and 
exclusive Hydrowash unit which removes 
grease and organic matter from grit 
Bulletin 249. 

GREASE FLOTATION UNIT--re 
moves grease and oils, oxidizes odors 
and aerates by exchisive pretreatment 
method. Bulletin 260A 

SLUDGE COLLECTORS —for  rectan 
gular and circuler tanks . flight type 
and helicoid cross conveyors, sludge 
valves. Bulletin 253 

AERATORS —downflow mechanical air 
diffusion type provides thorough and ad 
justable oxygenation and circulation of 
liquor Bulletin 265 

JET AERATION—-exclusive method 
produces an unprecedented rate of 
oxygen absorption. Technical data arail- 
able 

ROTARY DISTRIBUTORS —reaction 
and positive drive types with exclusive 


trouble-free oil seal tulletin 257 


DOWNELO FLOCCULATION UNIT 

for slow mixing and flocculation of 
chemicals in sewage treatment processes 
Bulletin 266 


Send for mstructrve bulletins listed above 
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SERV ICE -HQUIPMENT 


need 


SEWAGE TREATMENT PLANT SRFENVILLE SOUTH CAROLING 


COMPLETE LINE 


Including many Exclusive Developments 


Many years of close coliaboration in the engineering of 
municipal and industrial waste treatment plants have en- 
abled us to develop a complete line of installation- 
tested equipment. Our staff of Sanitary Engineers is 
exceptionally well qualified to cooperate with consulting 
and operating engineers in suggesting the process of 
treatment and type of equipment best suited to individual 
needs. Additional modern plant facilities have increased 
our production capacity many times. Inquiries on new 
installations or improvements in existing plants will re- 
ceive prompt attention. 


SEWAGE AND SLUDGE PUMPS Type 5100 Sewage Pump 


American sewage and sludge 
pumps are unusually strong and 
rugeed in construction. Gener- 
ous shaft diameter, sturdy bear- 
ings, proper bearing span, finest 
materials, extra metal, careful 
inspection and testing. Send for 
ms. 


AMERICAN,.WELL Works 


G2NO YEAR Sewage Ireatment ond 
110 North Water Purification Equipment 
AURORA, ILLINOIS RESEARCH LNGINEERING - MANUIACTURING 
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SEWAGE AND INDUSTRIAL WASTES 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 


cluding 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parkerized”’ 


for protection against rust and corrosion. 
Over 40 years continuous service to the industry. 


We will be pleased to quote on any type of water 
controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


SEWAGE TREATMENT 


AND THE 


to-Chemtcal Process 


PROVED + SIMPLE * ECONOMICAL 


This interesting and useful booklet is available 


free upon request 


INFORMATIVE/' 


THE BIO-CHEMICAL PROCESS 


NortTH MERIDIAN STREET 120 BROADWAY 
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INDIANAPOLIS 8, INDIANA New 5, 


ENGINEERING 


General American Equipment: 


Turbo-Mixers, Evaporators, Thickeners, 


SEWAGE AND INDUSTRIAL WASTES 


See 
General 
American 
for 


CREATIVE 
FILTER 


Sanitary District of Chicago selects 
Conkey Sludge Filters for world’s largest 
sewage sludge dewatering installation 


Next time you're in Chicago-—visit the 
huge West-Southwest plant of the 
Sanitary District of Chicago, That's 
where you'll see the world’s largest 
and finest sewage sludge dewatering 
installation. 

Picture in your mind 66 Conkey 
Sludge Filters—a total of 38,000 sq. ft. 
of filter area in a single location. Each 
filter is Ll ft., 6 inches in diameter, with 
a face of 16 ft. And each filter offers 
many new and tested design features— 
improvements that mean more years of 
low-cost dewatering performance. 


Other 


Filters, Dryers, Towers, 
Tanks, Bins, Kilns, Pressure Vessels 


PROCESS EQUIPMENT 
OrviSion 


Typical of those features are plastic 
backing plates for filter cloth support, 
Uscolite pipe lines and drainage bells, 
a double scraper arrangement, specially 
formulated protective coatings and 
newly developed components made of 
special plastics. 

The same high order of creative filter 
engineering that filled this million- 
dollar order for the Sanitary District of 
Chicago and many another customer, 
will “do it better’? for you. An invita- 
tion: write for Bulletin No. 100 that more 
fully describes Conkey Sludge Filters. 


Process Equipment Division 


GENERAL AMERICAN 


Transportation Corporation 


Seles Office: 10 Eost 49th St., New York 17,N_Y. 
Genera! Offices: 135 S. LaSalle Chicege 90, iit. 


i) OFFICES IN ALL PRINCIPAL CITIES 
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DIRECTORY OF ENGINEERS 


(Continued to page 30) 


ALBRIGHT & FRIEL, INC. 
FRANCIS FRIEL. 
Censelting Engineers 
WATER, any AGE AND INDUSTRIAL 

ASTE PROBLEMS 
AIRFIEL Ds REFUSE INC sone 
INDUSTRIAL BUIL vit 
CITY PLANNING 
REPORTS 
Suite 1509-18 
121 $. Bread St. 


AL |ATIONS 
LABORAT ORY 


PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charlies B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 


Flood Relief, Sewerage, Sewace 
Disposal, Drainage, Appralsals, 
Power Generation 
Civie Opera Bullding Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers —Arrport Dengn—-Sewage Draposal 
Systema —Water Worke Dengn and Operation—Surreys 
and Maps —City Plan g—-Highway Dengn—Construc- 
von Survey Pipe ‘Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER, NELSON & WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, lIilinols 


W.H. & L. D. BETZ 


Consulting Engineers 


Don’t be fourth... 


J. M. M. Gasio 
Donato M. Dirmass 


Roseat A. Lincoun 
P. ACKERMAN 
Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 

624 Madison Ave, New York 22, N. ¥. 


Engineers 
Sewerage—— Se wage ment 
Water Supply—Purnification 
Refuse Disp -Analyses 
Municipal oo ustris! Projecta 
Valuations— Reporte Designs 


110 William Street New York 7, 


to send in your professional card for 
Industrial Waste listing in The DIRECTORY OF 
Industrial Water ENGINEERS There are just three 
Analysis Design more available spaces remaining for 
Investigations Operation card listing among these outstanding 
pet | sts 
Gillingham & Worth Sts. Philadelphia 24, Pa che 
4 y 
BLACK & VEATCH 
Consulting Engineers 
SewaGE - Water - ELectricity - INpustTRY 
Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 
4706 Broadway Kansas City 2, Missouri 
CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers BOWE, ALBERTSON & ASSOCIATES 
L. Boosar Ivan L. 


Take advantage of the services of these outstanding consultants! 


| 

: 

fake 

Tass 
AG 

3 
sey 

. 

| 

j 


SEWAGE AND INDUSTRIAL WASTES 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
FORMERLY NICHOLAS S. HILL ASSOCIATES) 

Valuations and Reports 
Chemical and Biological Laboratories 
112 Fast 19th Street New York 3, N. ¥. 


T 
BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply. treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City, Mo ye) Cleveland. Ohio 
P.O. Box 7088 1404 BE. 9th Se. 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon 8t. Boston 8, Mase. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—-Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Il. 


OSCAR CORSON 


Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans-—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Coneulting Civil Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Pianning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separations—-Bridges—-Subways 
ocal Transportation 


Water and Distribution—Drainage 

Investigations — Reports — Appraisals Sewerage and Sewage Treatment— Airports 
Plans and Supervision of Construction 

nvestigations anc eporta Jesigns 

150 North Drive Supervision of Construction Valuations 

505 Colorade Bidg. anges Boston New York 


FAY, THORNDIEE 


NGINEE 
CHaRLes M. Rau W. Hoaxes 
Joun AYER Wittiam L, Hytanp 
Bion A. Bowman Frank L. Lincoun 


A. Howaap J. Wittiams 


It pays to secure competent and experienced engineering advice! 
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KDWARD A. FULTON 
Engineers 


Investigations, Reports, Valuations, De 
sign and Constroction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal seme 
and Power Developments; Dame anc 
Flood Control 


3209 Brews Read Saint Louis 14, Misseeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works——Sewage 
Industrial Waste & Garbage Disposal 
Roads—Airports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y¥. 
Scranton, Pa. Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York . Washington 
Houston BEADING, PA. pniiadeiphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 
Sewerage and Sewage Treatment 
Water and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 


N. Front & Boas Sts. Harrisburg, Penna. 


WILLIAM A, GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad &t. Station Bidg., Philadelphia 8, Pa. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify vour firm with the specialized 
sewage works field and will afford 
maximum prestige! 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 
W. L. Havens C. A. Emerson 
A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.— Laboratories 
Leader Bldg. Woolworth 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 


Joun L. Joun H. Harpino 
Oscar J. Campta 


Water Works—Sewerage 
Civil— Mechanical 
Electrical—Structural 


826 Park Square Bullding, Boston, Mass. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sar 


In trial VA 


tation 
al Wastes 
er 


Design, Construction, Oy 
Mar 


\ ation and 
agement 
Reports and Valuations 


231 Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham H.H. Henningson W. A. Richardson 
HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more than 
600 cites and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oil Bldg Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester LD. Ler ASSOCIATE 
Consultants to Munwtpalities since 1920 
WATER SEWERAGI PAVING POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 521 Sexton Building 
Menominee, Michigan Minneapolis 15, Minnesota 


Take advantage of the services 


of these outstanding consultants! 


4 
4 = 
: 
———. 
| 
‘ 
le 
re 
ay 
rs 
j 
i 
4 
2 


SEWAGE AND INDUSTRIAL WASTES 


HORNER & SHIFRIN 
Consalting Engineers 
W. W. S. W. June 
H. E. BE. Buoss 
Vv. Cc. Liscner 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Bullding, St. Louls $, Missourt 


INDUSTRIAL WASTES CONSULTANTS 
(A Guggenheim Subsidiary) 
—INVESTIGATIONS AND REPORTS— 

Offices and Laboratories 

2266 No. Menrpran, 8, 
120 Broapwar, New York 5, New Yona 

Russell B. Moore- A. F. Nelison- Robert Theroux 

(Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 


(Formerly Jones & Henry) 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and 
Disposal and Ineimeration, Industrial 
Buildings. 


“TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8T., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 
Water Supply and Purification, Sewer- 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pitteburgh 22, Pa. 


Wm. S. Lozier Co. 


Cc. 
Cc ing Eng 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


111 Sutter St. 
San Francisco 4 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Associate 


Engineers 
Dams, Water Works, Sewerage 
Bridges, Tunnels 


Subways, Foundations, Harbor Works, Valuations 
Power Development Industrial Buildings 


$1 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Piants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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MALCOLM PIRNIE ENGINEERS 


Civil & Sanitary Engineers 
Ma.coim Prante W. 
W. Sawrenr G. G. Wenner, Ja 

Ricwarp Hazen 
Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Kates 


25 W. 43rd St. New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew 
age Disposal; Industrial Wastes; Lovestigations 


& Reports; Design; Supervision of 
Conatruction & Operation 


Analytical Laboratories 


1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification 

Sewage Lreatment 
Industrial Waste Treatment 

Laboratories for Chemical and Bacteriological 


Plant Supervision 


Analyses 


369 BE. 149th St New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. j. B. V. Hows 
Appraisals— Reports 
Design—Su ision 
Water Works Systems, Itration and Softening 
Plants, Reservoirs and Dams, — and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 
426 Cooper Bldg. Denver 2, Colorado 


RUSSELL and AXON 


Consulting Engineers 
Geo. 8. Russell 
Joe Williamson, Jr F. BK. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ply, Water Purification, Power Plants, 
Appraisals, Rate Investigations, Reports, 
Plans, Specifications 
408 Olive St. 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fila. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 


P. ©. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—-Flood Control 
Electric Power—Alirports 


Hershey Buliding 
Muscatine, Ia. 


Your firm should be 
listed here 
the most complete Directory 
ivailable of consultants specializing in 
sewage and industrial wastes treat- 


ment 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 
Surveys Reports 
209 8. High 8&t. Columbus 15, Ohlo 


Appraisals 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewernge, Sewage Disposal, Municipal and In 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements 

Reports, Designs, Supervision 
Valuations 


Investigations 


89 Broad Street, Boston, Mass 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 

Civil—Sanitary—Structural 
Mechanical—Electrical 

Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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specify 


GENERAL CHEMICAL 


WATER experts agree—‘alum” is the preferred coagulant for the 
removal of turbidity, color and other impurities in the water and 
General Chemical Aluminum Sulfate is the preferred “alum.” 

SEWAGE experts agree—“alum”’ is preterred for the clarification of 
sewage because it flocs out the suspended solids and colloids and 


General Chemical Aluminum Sulfate is the preferred “alum.” 


THE REASON: For over 50 years, General Chemical Aluminum Sulfate 
has been processed to meet the most rigid chemical and physical specifi 
cations. Its quality, uniformity and reliability are preferred by most cities 


the nation over. For your operations, specify General Chemical “Alum” 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany - Atlanta - Baltimore - Birmingham - Boston - Bridgeport 
Buffalo + Charlotte - Chicago - Cleveland - Denver + Detroit + Houston 
Los Angeles + Min Philadelphia - Pittsburgh - Providence 
San Franciseo + Seattle + St. Louis + Wenatchee and Yakima ( Wash.) 
la Wiseonsin: General Chemical Company, Ine., Milwaukee, Wis. 


In Canada: 
Nich cal Company, Limited Montreal Toronto . Vancouver 
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“Smooth sailing with 


Hardinge Clarifiers” 


istrated above YORK, PENNSYLVANIA —. 240 Arch St 


MEW YORK 17122 E. 42nd 


SAM FRANCISCO 11—24 Colifornic St 


Main Office and Works 35-C-16 
205 W. Wacker Drive—CHICAGO 6 


200 Bay $*-—TORONTO ! 


PROOF 
“STERELATOR EFFICIENCY” 


NO SEND 
copy 
T00 

LARGE SPECIFICATIONS 
Actual Users THE BEST PROOF OF ALL 


Pr ’ alms that Everson SterElators are 
ND ABLE— SAFE---EFFICIENT 
Easy to operate at LOW MAINTENANC E COST 
Everson SterElators METER-MIX-FEED 
Chlorine gas accurately for all Water 
or Sewage Steriiising demands 
Furnished for Manual or Autornatie operation 
Everson SterElators utilize a high Vacuum 
Ihe tndleating FLOW METERS have a 10 to | ratio 


SterrlatorS 


at 


EVERSON MANUFACTURING CORPORATION 
207 West Huron Street, Chicago 10, illinois 


Ane You Interested 


Sewage and Industrial 
Waste Treatment? 


IF so, affiliate with | 


THE FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


For Particulars, Write 


FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 
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SEWAGE AND INDUSTRIAL WASTES 33 
WHICH OF THESE BULLETINS DO YOU WANT—FOR LATEST 
FACTS ON RECORDING AND CONTROL INSTRUMENTS? 


>) A. Pressure? Bulletin 1835 describes Bristol Send 
Recording Gauges, Series 500, for measuring 
steam, water or gas pressure, from full vacuum 
to 10,000 psi. I 
8B. Temperature? Bulletin 1835 describes | 
Bristol Recording Thermometers, Series 500, 
for measuring digester and dryer temperatures. | 
Many new features | 
Liquid Level? Bulletin 1700 describes | 
| 


bullesi 


pon for you wish. 


| 


THE BRISTOL COMPANY 
134 Bristol Road 

Woterbury 20, Conn. 

Please send bulletins circied. 


Bristol Liquid Level Recorders. Pressure, float 


Nome___ 
and bubbier types 
D. pH? Bulletin pH1302 cescribes Bristol pH Company 
Controllers for treatment of sewage and in ides 
BRISTOL a complete line for sewage works rma 


INDEX TO ADVERTISERS 
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PATRONIZE OUR ADVERTISERS—whose support makes possible the pub 
lication of this Journal. When writing advertisers be sure to mention SEWAGE 
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| they provide the passage, and 
straight4hrough round’ porting, thet can banish 
the lading, the precisian-mochined plug does net weer 
need! attention, othar thon an cccnsional rm 
of the tulbricating screws. Why ure lees office nt valves? 
OR, 
? : 
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Representatives Catalcg 4-SI, describing eppes aed bizes, 
im ntore than 50 en stmerican Car and Bound? Company, ‘Valve 
principal cities Ric 30 Clusch Beew York 
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Chiorination time at a modern sewage trinnts 
ment plant no hour or senson 
always the right time to une this versitile 
tool in the solution of #he vameroun preb- 
lems the average operator faces every day. 
For example, chlerination controls odors at 
Port Wayne, Indiana; reduces filler pond. 
ing at Rotterdam, New York; and steriliaies 


the effluent of the Easterly Sewage Plant at 
Cleveland, Ohio. 


Best of alll, the advantages of chdovlandbin 
aren't expensive. The everage installation 
represents less than 1% of total plant cout. 
Why not make it “chlorination time” in'yourt 
plant now. Call your neatest W&T 
sentative for the benefit of over 38 yeun’ 
experience in chlorination, a full tine of 
equipment for every sewage plant need, the 
practical knowledge gained in making thowe 
sands of installations, and the 


a a nationwide service staff, 


W & T SEWAGE (CHLORINATOR 
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